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Preface 

This is a Chemistry book which is different . royvhUc u^s not a 

text-book, it is something more than a '(£«' 

for boys and girls of eleven to e.ghteen who wtsh to pursue Chem stn 

as Aftssrs; $££$ 
ss-4K=*r , Jaar KiT^aSS t 

excellent from the educational point of view, 
considerable number never pass beyond thcstagco a . P 
and superficial interest in fireworks and st.nk-bombs, t « m 
cases, given suitable guidance, natural curiosity can be deepeneu 

into a lasting affection for Science. . . • . r i„ nI :f lC 

^manrofr ^“LTn 

Priestley and John Dalton—were themselves amateur sclent , 
did their experiments at home with hunted materials. ^ for 
Unfortunately, at the present time Chemistry 

boys and girls is acquiring rather a stmster reputation^ Acc.^ ^ 

occur through experimenting with danger trouble is that 

duly reported in the Press. The real cause ofthe 

youngsters have little to guide them in the way book will fill 

experiments which they can do. It is hoped that his book w.U h 
the gap and enable budding chemists to satisfy the* urge^tcexp . 

wMehtboth ^ t=£=. 

llrwheS a e n fe d C morl e do°ub^ul'forms of entertainment are 

--r *£ r 

Chemistry to boys of all ages, but for t e p P ^ cd the mate rials 
has forgotten that he is a Chemistry mas . , .1. con di- 

described, and performed the experiments give"> “ d< ^ ! ™ lhe 
tions which usually exist for boys and gir s at h " mC ' ^ome o> 
experiments are adaptations of old and well-known experiments, 
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many—for example, the method of growing crystals—are, as far as 
the author is aware, entirely new. The only advantage which the 
author has enjoyed has been his greater experience, and this he 
places at the disposal of the reader in the following pages. 

The author wishes to thank all who have helped in the production 
of this book. Mr W. E. Jones, of the Liverpool Collegiate School, 
has given valuable assistance with the diagrams and made many 
useful suggestions, particularly on glass-working. Mr R. H. 
Gardener, General Manager of Plastics (Manchester), Ltd, has 
contributed much information on the working of sheet plastic. 
The author is also indebted to Mr L. A. Naylor, M.A., of the 
Liverpool Institute for Boys, for reading the manuscript of the 
book in proof, correcting errors, and suggesting improvements. 
Finally, the author’s thanks are due to E. Johnston, a pupil of the 
Liverpool Collegiate School, who posed for photographs shown in 
Plates 3 and 6. 


H. L. H. 
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The Sale of Chemicals to Juniors 

A RECENT Annual Report of His Majest> ^ f I ^^ t ^^ causc J > by the 
announces a large increase in t ie num < |} unK Otlicc 

illegal manufacture of fireworks. * Britain has circularized all 

the Pharmaceutical Souet> of • substances should not 

pharmacists in the country asking ‘ * irin icists arc 

be sold to children under sixteen years of age II sub _ 

further requested to ensure that " p '* n reasonable steps 

stances is made by persons ot sixteen to cig purp0 se 

will be taken to ascertain that they arc 'tire- 

and will not be used by the purchaser tor making; 1 

works, nor handed to younger c n rrn phar maceutical Soc»et> 
None of the substances specified b> tl e I horn in5lruc . 

is included for experimental purposes in this be . Thc 

tions given for the making of -y fireworks^ or in 

author’s purpose is to show boy . • d oul at home. 

Chemistry what experiments can be sale 



A Few Words to the Young Chemist 

Chemistry experiments at home ! Like most boys and girls, you 
probably feel a thrill at the thought of performing experiments for 
yourself. Perhaps you have watched a master or mistress at school 
producing beautiful colours, horrible smells, or startling explosions, 
and now you think you can do something for yourself on these lines. 
You may be the proud owner of a brand-new Chemistry set or you 
may only have gathered together a few chemicals and test-tubes 
with your precious pocket-money. It makes no difference. Carrying 
out experiments for oneself is a thousand times more exciting than 
watching other people do them. 

Now, there is much more in Chemistry than just making colours, 
‘stinks,’ and bangs. If you carry out the experiments described in 
the following pages you will learn a lot of useful knowledge about 
chemicals and acquire skill in handling apparatus. Instead of just 
playing at Chemistry, you will become a real chemist. Again, if you 
are really interested in Chemistry you will want to know why things 
happen as they do. The author has therefore included a certain 
amount of explanation to help you to understand the results of your 
experiments. 

It is not necessary to have a lot of expensive chemicals and 
apparatus to do experiments at home. Indeed, many of the most 
interesting experiments can be performed with substances found in 
almost every household, and a great deal of apparatus can be made 
from simple materials at home. The construction of home-made 
apparatus is itself part of the fun. This book is written to help you. 
It tells you how to build up a good chemical outfit cheaply, how to 
look after it, and how to do a large number of interesting experi¬ 
ments. In particular it shows you how to make the fullest use of the 
materials which you can find at home, so that your pocket-money 
need be spent only on those things which are absolutely necessary'. 

A famous chemist, William Perkin, was only eighteen when he 
discovered a wonderful new dye while experimenting at home with 
his own chemicals. 1 his discovery was the beginning of the great 
modern dyestuffs industry. Who knows but that you may surprise 
the world some day by a similar marvellous discovery? 



General Hints and Precautions 


TO obtain the greatest enjoyment and 

hobby you must learn to do; youi' «jpcr ^ P s sol(lcr 

We should have a poor opinion of a plum \ 

all over the floor, burned the correct 

gas-boiler. Similarly, unless jo g tu f wi ll bre ak, your 

manner your experiments » y ? P will probably give 

-Xivin f young Chemist a 

- f *“ - 

- —v - 

possible. This will avoid wasting > our malc wherever you are 

r^^d^en^ls are spilled on a table they 

often leave ugly stains. co it—and wipe your 

(4) Wear old clothes-or at least an old coat an t 

hands on an old duster, not on your clothes. 

(5) If you spill chemicals wipe them up. at once. ^ . up 

Prompt treatment will prevent damage. Liquid usc d P again. 

with a damp cloth, which should then benmjd out and u*d # 

If the liquid has got on to your clot les, (blue litmus turns 

piece of blue litmus paper. If.hejehemjeal is acid __ 

red), dab weak ammonia on th p i Acid on the skin 

otherwise the acid may ‘ burn ’ a hole in the cloth. Ac d on ^ ^ 

can be rendered harmless by prompt ^J*"™^]***. 
experiments with dangerous strong acids arc g T he 

(6) Never perform experiments If play- 

author has not included such cxpcrnncns. losing an eye 

ing with dangerous chemicals is not worth the iisk o 

or getting badly burned. . un i, sick but a few 

5 » ^ separate 

are poisonous, iveep an 

from vessels used in the household. Af e liquids and 

(8) Do not throw chemicals on the fire Af^ of 

powders should be washed straig it o . the sink, 

water. Bigger pieces of waste-matter should not be put 

but should be thrown away outside. 

>3 
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(9) Do not work with broken test-tubes, beakers, etc. Jagged 

edges on glass are very dangerous. 

(10) Never play practical jokes on other people with your chemi¬ 
cals. You may injure somebody severely. 

(11) When you have finished your experiments, clean your 
apparatus before putting it away in a safe place. Apparatus left 
dirty is twice as difficult to clean later on and is a sign of bad 
workmanship. 

(12) Do not annoy your mother by spilling chemicals, leaving 
apparatus lying about, or wanting to work in the kitchen when she 
is making dinner. It is important to have your mother on your side, 
because she can let you have lots of things which are useful for doing 
experiments. 




CHAPTER I 

How to fit up a Home Laboratory: 

Chemicals and Apparatus 

If you are starting off with one of the several Chcmhtry 

set which are sold your stock of -atcrtals wd depend^ g ^ 
on how much the set has cost. The cheaper* cntg The 

sufficient chemicals and apparatus to o . build up 

best and cheapest way of dotng Chem.stn' ^ ho^ ' " 

your stock for yourself. There are two ways of doing this 

(i) by using the materi ^ “ ^"^YromTchTmist’s shop. 

(ii) by buying from a rel £ b {* and apparatus can be 

An address from which chemicals PP’ * 

bought by post is given at the end of the book (p. 3 


CHEMICALS 

Your chemicals should be kept, not in pap cr ^ chemicals 
small bottles or jars fitted with corks or stoppers. Many 

on exposure to air become wet f 1 

and messy or spoil in other 
ways. You should, therefore, 
collect as many small bottles or 
jars as you can. They should 
preferably be made of plain, 
not coloured, glass so that you 
can sec the substances inside. 

Empty ink bottles, medicine 
bottles, vaseline jars, etc., are 
suitable. 

Swill the bottles or jars out 
with warm water. If they are 
greasy, get rid of as much , r or a time in 

grease as possible with a rag an eave ^ allow the bottles to 

warm soapy water. Remove the ’ . ; n a warm oven 

drain after washing, and then leave them to dry in 

or in the bottom of the airing-cupboard. solid 

When the bottles are dry. use those X for ^uW chemicals 

chemicals and those with narrow ne label on which you 

(Fig. .). Attach to each bottle or jar a gummed label on 




Fig. i. Bottles used for Solid 
and Liquid Chemicals 
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have printed the name of the chemical. Common substances often 
have two names, an everyday name and a chemical name. Thus 
blue vitriol is the everyday name for some well-known blue crystals, 
while the chemical name for the same crystals is copper sulphate. 
It is a good idea to write both names on your labels if you are not 
sure of them. 

It will probably be some time before you can build up a complete 
set of the chemicals mentioned in this book. In the meantime the 
list given below is a suitable selection ot solid and liquid substances 
which will enable you to make a start. With these you will be able 
to carry out the simple experiments described in Chapter III and 
also many of the experiments described in the later chapters. 

Very likely vou will find several of the substances mentioned— 
for example, baking-soda—in the kitchen-cupboard or first-aid 
cabinet, but you should be able to buy at little cost those which 
you cannot obtain in this way. The approximate prices of the 
chemicals used in this book are given at p. 231. Suitable amounts 
to buy at first are shown in brackets in the following list. 


Baking-soda (1 oz.) 
Washing-soda (8 oz.) 
Starch (1 oz.) 

Alum (1 oz.) 

ferrous sulphate (1 oz.) 

Copper sulphate (1 oz.) 


Lime-water 
Ammonia (dilute) 
Iodine solution 


Solids 

Boracic acid (1 oz.) 

‘ Hypo.’ (1 oz.) 

Cobalt chloride (.1 oz.) 
Citric acid (1 oz.) 

Iron filings (2 oz.) 

Sodium bisulphate (2 oz .) 1 

Liquids 

Hydrogen peroxide 
Phenolphthalein 
Sulphuric acid 1 


Ammonia solution of the right strength is made by adding five 
parts of water to one part of clear household ammonia. When you 
buy liquids from a chemist’s shop it is best to take your own bottle. 
Lime-water is cheap; you can obtain a large bottleful for twopence 
or threepem \ Ordinary tincture of iodine used for putting on cuts 
is quite satisfactory. This and phenolphthalein (pronounced 
‘ fecnoll-i uilccn’) are expensive, partly because they are sold 
dissolved in alcohol. Phenolphthalein, however, is an interesting 
chemical, and, as only one or two drops are used each time, it is 
worth buying, say, sixpennvworth of the solution in a small bottle. 

Dilute sulphuric acid can be bought at a chemist’s. An alterna¬ 
tive source is a wireless shop which handles accumulators, but this 
accumulator acid is lairly strong and must be handled carefully. 

1 Sodium bisulphate is given because it can be used in solution instead of 
sulphuric ac.d in most experiments and is often obtained more easily (see p. 88 ). 
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I, shouid be diluted by adding one part of acid to three parts 

° f We" solid chemicals are used frequently m solu ^ 

good deal of time and trouble tfymu make up aja J ^ ^ 

^t-n 

« wash out thc tumbIer 

between each dissolving. 

Stock solutions oj solids 

Copper sulphate ^mCulpha.e 

Alum 

Pitrir acid 


apparatus 

A Chemistry set usually contain 

The most satisfactory method of aoqmr you arc doing 

probably to buy it for yourse a K,.; tut es which you can find at 

this you can in many cases use su following can be 

home or make in the manner descr *»-*• ^ $tart your home 

considered as the minimum a PP* r funne j (iii) a beaker, (iv) filter- 
laboratory: (i) a few test-tubes, ( ) Q J her it ems c f apparatus 

papers, (v) some method ot heating. Kra< iually as circum- 

mentioned in the following pages can be added e « 

stances allow. r se should be bought. 1 he 

Test-tubes. At least half a dozen is , inc hes long and 

best size for ordinary work is 5 X 5 abo ut 10 d. a dozen. 

$-inch across the top. The CObt 01 , , . tu bc in which chemicals 

It is an advantage to have also a . , A tube of this kind 

can be heated strongly without melting the glass. 

costs about 5 d. oftcn be used for heating a 

Small ignition-tubes (p. 34 ) meaS uring 6 in. X 1 »»■ and 
substance strongly. A larger u » convenient to use than an 
called a boiling-tube, is often m H [d u costs 2d. 

ordinary test-tube when you wan f ncl i s usually employed. 

Funnel. For filtering liquids a glass ^ acrosS the top, and 

Thc most suitable size has a diamet f^ for 5< /. at Wool- 

costs about 9 d. A Bakelite funnel can be D g 

worth’s, and is quite servicea e. is a handy size, and costs 

Beaker. One holding 250 c.c. o q often be used as a 

about a shilling. A jam-jar (one-pound size) 

substitute for a beaker. should have a diameter ot 

Filter-papers. For ordinary work these stiou 
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11 cm. The cheapest way of buying filter-papers is to invest in a 
packet of a hundred, at a cost of about 9 d. At a pinch a round 
piece of newspaper can be used as a filter-paper. 

Method of Heating. Some experiments can be carried out in the 
cold, but for many some form of heating is required. Without doubt 
the best method of heating is by means of a Bunsen burner (this costs 
about 2.?. 6 d.). The Bunsen burner is connected to a gas supply by a 
length of rubber tubing. If you have a gas-cooker in the kitchen the 
rubber tubing can be connected (after removing one of the top grids 

and the burner tube below the grid) 
to the short projecting tube at the 
side of the cooker. 

Burners which use paraffin are 
not recommended, because they 
give a very smoky flame. The 
methylated spirit burner provides 
quite a good method of heating. 
The flame is not smoky, and, 
although it cannot be regulated 
like that of the Bunsen burner and 
is not very hot, it enables you to 
do experiments away from a gas 
supply. This type of burner can 
be bought for about 2 s., and half a 
pint of methylated spirit costs only 
a few coppers if you take your 
own bottle to the chandler’s shop 
or the chemist’s. 

1*is* 2 ( sce a ls° Plate 1) shows a methylated spirit burner which 
can be made at home from a clean ink lx>ttle with a metal screw- 
cap. You must first obtain a narrow metal tube about one inch 
long (the metal tube from a small paint-brush is suitable). Clean 
this thoroughly with sandpaper, and similarly clean the top of the 
cap. Make a hole in the cap by means of a round nail and hammer 
so that the metal tube will just pass through the hole. The tube can 
be fastened in position by applying a little heatless solder round the 
tube as shown. Alter applying the solder leave it undisturbed for 
two or three hours so that it gets a chance to set thoroughly. A 
wick can be made by plaiting together half a dozen strands of wool. 
I he wick is drawn through the tube by attaching some cotton to 
the top of the wick and drawing the cotton through first. When 
using tins burner make sure that the cap is screwed down tightly. 

Additional Apparatus. The above paragraphs deal with what 
might be called ‘necessary’ apparatus. Below we give some of the 



Fie. 2 

A Home-made Burner 
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items which it is desirable for you to 

your experiments. In many cases posS!ble " ut “ f three inches . 

Evaporating-dish. A suitable s.ze t n d ° are expensive 

Evaporating-dishes are ma e P tQ of a fl at aluminium 

(cost about 15. Qd.). As a substit P ^ heated any pa int 

tooth-paste tin can often be knife The substitute should 

should first be scraped off with an old““ thesc are likely 

not be used to evaporate acid or alkaline l^wO**™* 

to attack the aluminium and thus m ro dishes are usually 

and Tripod. Beakers and evaporating dishes^, ^ 

heated by placing them on a “ ’ have an asbestos centre, 

on a tripod. The gauze should oreterabiy nav 

which distributes the heat and 
prevents the beaker or dish 
from cracking due to too sudden 
heating. A gauze of this type 
costs about 6 d. and a tripod 

25. 6 d. 

You can manage without 
a tripod if you obtain two 
wooden blocks or square tins 
of suitable size. The gauze is 
rested on the tops of the blocks 
or tins as shown in Fig. 3 (^)* 

A tripod can be made at home -_:i,i r to use as a 

by the method described at p. - , or it is possl W c 

substitute the wire frame of an old amps > • d i nstc ad of a 

A large tin lid containmg sand (or salt) can be a 

gauze. When a beaker is being heated on.the bcakcr . 

layer of sand about a quarter of an > hold your 

Test-tube Rack. There is no necess.ty to still, 

test-tubes. They can be stood in an emp > J ’ board, a few 

a rack can be constructed very eas.ly from a wooden boar 

3-inch nails, and a length of string. .. and ^ j n . thick. 

The board should be about 8 in. on |’. ^ 0 ’ ut the” board by 
Plywood is best, but is not essential. . Fig . ( a ). At the 

pencil and ruler into inch squares as until it just 

corner of each square hammer in hg 1 V a . 3 . ' . nads too f a r). 
holds (the board will probably split i you n corner nails 

Fasten one end of the string round the top of one f [s en _ 
and wind the string round each nail in turn ^ along somc Q f t hc 
closed. It will be necessary to run the s S na il. You 

sides. Fasten the end of the string to t e op ^ (Fig. 4 (*) 

will now have a rack which will hold twelve test-tubes (* g 4 



Fic ( a ) A Tripod, ( b ) Method 
op he 3 aSg a Beaker on a Gauze 

WITHOUT A 1 RIPOD 
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and Plate i). When they are not being used the clean test-tubes 

should be left upside down in the rack to dram. 

Stand, Boss , and Clamp. These are sometimes required for holding 
tubes and flasks which are going to be heated. A small iron stand 
with the accompanying boss and clamp costs about 8 s. 6 d., althoug 
a cheaper grade made from pressed steel can sometimes be bought. 
The ‘boss’ is the small attachment which is screwed on to the 
upright of the stand. It holds the clamp which in turn supports the 

apparatus. 

A substitute for a stand, boss, and clamp can be made at home at 
practically no expense as described at p. i 15. 

Flask. Flasks are of two types: (a) round-bottomed and ( b ) flat- 
bottomed. The first kind is used when the flask is to be heated, the 



Fig. 4. A Simple Test-tube Rack 


second kind for experiments which do not require heat. If you have 
a stand and clamp to hold it, a round-bottomed flask is probably 
the more useful. It can be heated directly without using a tripod 
and gauze. A suitable size, holding 250 c.c., costs about u. 6 d. A 
large medicine bottle will often prove a good substitute for a flat- 
bottomed flask. 

When you are putting a flask into a clamp wrap a small roll of 
paper round the neck of the flask and screw the clamp up only 
sufficiently to hold the flask. If you are going to heat the flask you 
must leave room for the neck to expand or it will crack. 

Porcelain Crucible. This is used for heating a substance strongly. 
A porcelain crucible is dear, a small size costing about 10 d., and is 
not really necessary. In most experiments where a substance has to 
be heated strongly a tin-lid or small metal screw-cap from a bottle 
can be used instead. Metal screw-caps are particularly useful, so 
keep an eye on all empty bottles which are being thrown away. 

Pipe-clay Triangle. A crucible which is to be heated strongly is 
placed, not on a gauze, but on a pipe-clay triangle resting on a tripod. 
A pipe-clay triangle can be bought for 3 d., but it is a simple matter 
to make a substitute lrom some stout wire with the help of a pair of 
pliers. Iron wire which is used for tying up firewood is a suitable 
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kind of wire to use. If you employ metal screw-caps for strongly 
heating substances you can hold the screw-caps in a pair of pliers 
or pincers and a pipe-clay triangle will not be needed. 

Tongs. Hot objects are usually handled with a pair of tongs, but 
a pair of pincers or pliers serv es the same purpose and saves iorf. 

Mortar and Pestle. When it is desired to grind a lumpy substance 
to a powder the lumps are crushed in a mortar with the help ot a 
pestle. A small mortar and pestle made of glass costs about 3*. bd. 
You can make a mortar and pestle at home for next to nothing as 

described at p. 116. . 

Test-tube Brush. The small brushes sold by ironmongers lor clean¬ 
ing bottles can also be used for cleaning test-tubes. A wad of cotton¬ 
wool twisted round the end of a stick or knitting-needle (not a 

metal one) is a good substitute. . , 

Glass Rod. This should be six or seven inches long. It is used 
(i) to stir liquids, (ii) to transfer a liquid from one vessel to anothei 
(p. 27), and (iii) to transfer a precipitate from a beaker to a filter- 
paper. For the last purpose about one inch of the end of the rod 1. 
covered with rubber tubing. As a substitute for a g ass r<K us ® a 
length of thick knitting-needle of the bone variety or an old toot 1- 

brush with the bristles cut off. 

Glass Tube. A short glass tube is useful when you want to add only 
one or two drops of liquid to a vessel. A fountain-pen 1 er 
small rubber bulb on the end serves quite well. . , 

Glass Tubing. This costs a penny a foot, and can usually be boug 1 
already cut into foot lengths. About two yards wi )C require . 
The common size used for connecting apparatus has an externa 
diameter of 7 mm., but one or two lengths of a slightly larger size 
(8 mm.) will prove useful, particularly in glass-blowing. 

Rubber Tubing. Rubber tubing is used for connecting pieci* o 
glass tubing in fitting up apparatus. If you buy a foot of rubber 
tubing, costing about 5 d.> you can cut it into lengths a out an me 
and a half long as required. You should make sure that the tubing 
is of a suitable size. It should fit without difficulty on to the glass 
tubing, but it should not be possible to slide the latter about inside 
the rubber tubing. You can fit rubber tubing on to a glass tube 
more easily if the end of the glass tube is first wette • e SIZC ^ 
commonly used have an internal diameter or bore o ft in. an 

1 in. . . 

Corks. It is not necessary to buy these except in special cases. 

Save corks from empty medicine bottles, etc. 

Cork-borers. These can sometimes be bought in sets ot three 
(costing about 2r. 6 d.), which include all the sizes likely to be 
required. If cork-borers are not available a hole can be made 
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through a cork by means of a hot steel knitting-needle as described 

31 Rubber Stoppers. A rubber stopper fits more tightly into a tube or 
flask than an ordinary cork and is not porous. It is usually used in 
preparing gases, but is not absolutely necessary. A rubber_ stopper 
already bored can be bought for about 41but care should be taken 
that it is the correct size for the flask or tube for which it is intended. 

Wood Spills. These are extremely useful in many experiments. 
Most tobacconists stock wood spills but thin strips of wood from 

some kinds of match-boxes serve for most purposes. 

Other Apparatus. You may find additional small items oi 
apparatus desirable as you proceed with your work. Thus you 
may wish to have a waste-box or tin into which used filter-papers, 
spills, etc., can be dropped. A dry cloth and a damp cloth might 
be kept handy. Apparatus needed specially for the preparation ot 
gases is described in Chapter VIII. 


A CHEMISTRY CABINET 

As you build up your stock of chemicals and apparatus you will 
be faced sooner or later with the problem of where to keep them. 
It is very undesirable that your materials should be left all jumbled 
together in a box or drawer. You will want to be in a position to 
lay your hands on any particular chemical or piece of apparatus 
when it is required. 

If you are lucky and have a room all to yourself you will probably 
be able to fix up some simple shelves on which bottles (properly 
labelled) can be placed. If, like the author, you are compelled to 
do your experiments in the Kitchen, when it is not being used for 
domestic purposes, you will need some form of cabinet which can 
be used for storing materials and which can be brought out easily 
when required. Instructions are given below for constructing the 
simple Chemistry cabinet by which the author solved his own 
storage problem (see Plate i). Any boy can make this cabinet 
without special skill in woodwork, but in case of difficulty you might, 
perhaps, let your father help you ! 

The essential materials arc a wooden box (without a lid), some 
thin strips of wood or laths, four small hinges, a few screw-eyes or 
screw-hooks, some string, a few small nails, a hammer, and a saw. 
The size of the box depends on the size of cabinet desired, but a 
suitable size is 18 in. long, io to 12 in. broad, and 10 to 12 in. high. 
The box should not be so heavy that it cannot be carried about 
easilv. 

4 

First saw down the two long sides of the box, as shown by the 
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dotted lines in Fig. 5 M. and detach 
pieces of wood of different heigh ts to each of the two re^^ ^ ^ 
so that pieces of similar height ace cac= j ^ between the 

(Fig. 5 ( 6 ) ). Leave a space of ab,out quanc, at ™^ place a 

uprights. If you have available only thin P 




Fic. 5. A Chemistry Cabinet 

corresponding strip on the outside each upright firm, 

box into this. Drive in sufhcient nai SQ jp your 

The latter should measure about 2 in. acioss » slr ips 

strips of wood are narrow, it may be necessary to nail 

"£r it., o, -.p ” 

each upright to the corresponding one acr uprights so that 

lengths down with small nails on the tops oi the uprights, 

you get three platforms of different heig ts. { an(J across t hc 

Nail further strips along the side o P . . )OVC t hc edge 

box, so that the edge of the top stn P P r( J eC “ sliding^ forward off the 
of the platform. This prevents bottles from slid g 
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platform. If an extra strip or two is nailed to the sides of^ the two 
back uprights, the bottles are also prevented from sliding backward. 
(These extra strips are omitted in the diagram for the sake o 


clearness.) , c . , w.. 

Attach each of the two loose sides to the bottom of the box by 

hinges, as shown. Insert screw-hooks in the top corners of the loose 

and fixed sides on the outside so that loops of strmg can be used to 

close the cabinet when the loose sides are drawn up. Finally make 

two handles for the cabinet by means of screw-eyes and some thick 


You will now possess a cabinet which can be carried about very 
easily. Your bottles of solid chemicals, arranged in alphabetical 
order of their labels, can be kept always on the shelves. In case of 
accidents, it is better to keep bottles containing liquids in the space 
at the front of the cabinet on the bottom of the box. The space 
behind the shelves is used for storing apparatus, such as beakers, 


test-tube rack, funnels, etc. 



CHAPTER II 

Simple Operations. Glass-working 

Just as there is a right and a ^n^way^of doing most 

a bicycle puncture, so there is a right Md wo 8 expe rime n t. The 
of the little operations which make up a c ‘ xpcr i ence have 

correct way is the way that chemists after long will 

found to work best. By doing things; in results in your 

save time and materials and avoi 1S *PP ^ la c ly home-made, 

experiments. Although your appara us ‘Y ^ • t he proper 

it is still possible for you to do most of rZZlndthus become 

manner (or, as we say, to have a goo tec h is attention to 

a good practical chemist. The ch.cf point to watch .s a 

small things. That is why we now descr.be some ol h 

operations which are used over and over agam m Chem.stry 


SIMPLE OPERATIONS 

Powdering a Substance ^ 

Sometimes when you buy chemicals^you will tin and 

in rather large lumps, which makes them d.tou» to^ - n 
wasteful to use. Usually a substance is P° are not available, 

a mortar with a pestle (sec p. 116 )- 1 1 Jd of t hick brown paper 
put the lumpy material between lumps ^ , 

on a newspaper and take it out of • ds transfer the 

large, clean stone or other heavy object. Afterwards 

powdered substance to a bottle. 

Cleaning Test-tubes 

It is usually easier to clean test-tubes aTmuch 

been used. First shake a little water in i . brush, or its 

material as possible. Then work a wet cs j u ld be done 
substitute (p. 2 i), up and down the the tube), 

gently to avoid poking the brush throug ^ with 

Ifthil treatmc nt does not remove all the substance, fill thetu^ ^ 

warm water and leave it foi a time. 

test-tude brush again. . , Working a little 

Occasionally special treatment may e requ^^ ^ _ tube brus h is 

sand or soil up and down the tube _r be loosened 

often successful in obstinate cases or *h<5 deposit ma> be 

. . ' * 4 - _ Cl +1 \ 
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with a knitting-needle pushed into the tube. Greasy or oily tubes 
are readily cleaned by shaking warm soapy water or washing-soda 
solution in the tube. There is no satisfactory way of cleaning a tube 
in some cases—for example, when sulphur has been melted in it- 
and the only thing to do is to throw away the tube. 


Making a Solution 

There is no point generally in making very strong solutions. For 

most solutions a strength of about one teaspoonful of powdered 

substance to a cuptui or 
beakerful of water is suit¬ 
able. When only a small 
amount of solution is 
needed use a saltspoonful 
of the chemical to half a 
test-tubeful of water. 

Some chemicals dissolve 
in water more readily than 
others. Salt and washing- 
soda are very soluble, 
baking-soda is moderately 
soluble, slaked lime slightly 
soluble, and charcoal is 
insoluble. A chemical dis¬ 
solves more easily when it 
is in the form of powder 
than when it is in lumps. Usually substances dissolve to a greater 
extent in hot water than in cold water, and they also dissolve more 
quickly. 

Solutions of very soluble substances can be made simply by 
shaking or stirring the powdered substance with cold water. If the 
substance does not dissolve readily in the cold, heat must be applied. 
In this case put the water into the beaker or test-tube first and then 
add the solid. This will prevent the latter from caking, which may 
result in cracking of the beaker or tube when heat is applied. The 
beaker and its contents should be warmed on a gauze over a tripod 
(p. 19), although if you do not possess these you can warm directly 
over a very small flame providing you move the beaker about well. 

When you wish to heat a liquid in a test-tube, make a paper 
holder and hold the top of the tube in this. Make sure that the 
outside of the tube is dry. Use a flame which is just non-luminous— 
that is, non-yellow—and not more than two inches high. Warm 
the tube by moving it about well in the flame. If the liquid begins 
to boil, carry on with the heating in the edge of the flame (Fig. 6). 
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This will prevent the liquid from spurting out re and with 

^^d 1 " ^"thlt^^e liquid°does spurt it does 

after you have been heating, i ne nq 

when you take your thumb or finger away. wU1 usually 

.'JSSSSKlttSK.'SS--- ~ 

operation is described in the next section. 

Filtering 

ag rcAjOT Op-He pier ^ like 




(b) 



K . / • - 

a eone (Fig. 7 («))• «« tte 

of water from the tap fall into P P , h j r between the 
Gently press the paper agatmt t filtering. Put 

srs— ?rrr,r.r. 

w'“I- ifi " ’ <«>• ’ 8 *‘” 

quickens filtering. , mnnine it down a glass 

Transfer the liquid to the shou ld always be used 

rod, or its substitute (P- 2I )- , mother as it prevents 

when transferring a liquid from one ^ ^^.paper to the top with 

spilling and splashing. Do no between the top of the 

liquid, but leave a gap of about half an ^ d which passes 

liquid and the top of the fi l^Pa^* ^Jj^lhe ‘Wtratc/ 

through the filter-paper into the jar dear liquid. Sometimes 

The filtrate obtained should be a perfectly clear hqu cloudy 

when a solution is made from a very fine po«d- 11 ^ i, 

after filtering. It can usually be made dear ether y 
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again through the same filter-paper or by letting it run through a 
double filter—that is, two filter-papers folded together. . 

Filtering without Filter-paper. This can be done by wedging 
a small plug of cotton-wool about the size of a pea in the neck of 

the funnel. , . . . _ 

Filtering without a Funnel. Sooner or later in cleaning your 

test-tubes you will probably make a small hole through the bottom 
of one of them. Such a tube can be used for filtering by pushing a 
plug of cotton-wool about one inch long down to the bottom ot the 
tube. The liquid to be filtered is simply poured into the test-tube 

and the filtrate runs out through 
7 — r- -_the hole at the bottom. 




Heating a Solid Substance 
in a Test-tube 


(A f -Jk V \ The test-tube used for heating 

\| Y A4Aj \ a solid chemical should be dry’. 

j * Ty/T The quickest way to dry a wet tube 

^ \ is to twist a small piece of cotton- 

| l wool round the end of a long stick 

l \ or wood spill and work it up and 

I \ down the tube two or three times. 

If this is repeated with another 
F,G - A of cotton-wool the tube will 

be dry enough for heating. 

Again hold the test-tube in a paper holder, but this time hold it 
so that it slopes down slightly towards the open end (Fig. 8 ). The 
reason for this is that when many substances arc heated they give 
ofT steam, which condn. in the cooler part of the tube. If the 
tube is not slopin' - ;, lie water formed tends to run back on to the 
hot glass and .. k the tube. Place a saucer or evaporating-dish 
below the end of die tube to catch any drops of liquid which fall 
from the tube. 


Warm the tube very gently at first over a small flame and move 
the tube about well in the flame. You can safely heat more strongly 
when the tube has become hot, but keep the tube in a sloping 
position. If the substance in the tube melts while you are heating, 
tip the tube up gradually so that the melted substance does not run 
out of the open end. Do not heat the tube so strongly that the glass 
begins to melt. When you wish to heat a substance very strongly 
you should put it into a hard-glass tube, an ignition-tube (p. 34 ), 
or a metal screw-cap. 

When you have finished heating allow the tube to cool by laying 
it down on a gauze or asbestos mat. 
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Heating a Solid Substance in a Metal Screw-cap 

J: m tzzzz? 

burnt off by heating in a medium flame. 

Fitting and boring Corks 

In setting up apparatus for some of the larger experiments such 
as the preparation of gases, it is often necessary to fit a cork m 
test-tube or flask and pass a glass tube hrough ^ 
involves boring a hole through the cor . ( 

always be bought already bored.) DI C fcrably one which 

Select a cork which is in good condition an 1 , >. toQ large 

is slightly too large rather than too small. A coi rom it a 

can be made smaller by putting it on a » r k tightly, 

few times under your foot. It should then 

For boring the cork choose a borer which is slightly' sm ^ 

the glass tube which is to l>e passed through t le (or • 
in one hand and screw the borer into the cork 

Wetting the end of the borer makes t ic jo ‘ t j ie palm 

so that the borer will not pass through t te cor < t ),; s v ;u 

of the hand. Do not bore right through the cork, because <11u 

leave a jagged hole a, the top. \Vh» a ^ bulg-£late 

top, withdraw the borer and screw borer with 

the hole. Remove the cut-out cylinder of cork 

the metal rod which is usually prow c (01 USL ‘ j nol possess 
It is difficult to make cork-borers at home If >ou dc.not, ^ 

any you can still make a hole 1 ^needle or wire in a pair 

needle or piece of copper wire. Ho g -j ■ j ie d 

of pliers, feat the end in a hot Bunsen fla- o^alne uuu. « ^ 

hot. Starting from the narrow end o ’ The hole can 

the cork, re-heating the needle or wire as nccessa. y., 1 y l ° l cl|lod 

be widened until the glass tube will pass 1 * se j t on ly when 
of‘boring’ a cork is rather smelly, it is advisable to use it on > 

you have the room to yourself! 

Passing a Class Tube through a Cork 
Before you attempt to push the tube through^ the cm t ic g* 
at both ends of the tube should have been rounded off (p. 3 J 
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that there are no sharp edges. Wet the end of the tube which is to 
go through the cork. This makes the passage of the tube much 
easier by reducing friction. Hold the cork in one hand with the top 
outward, and with the other hand hold the tube near the end which is 
to be inserted (Fig. 9). Screw the tube into the opening in the top ol 
the cork until it just appears at the other end. 

When you are inserting a right-angled piece of tubing through a 
cork you must on no account hold the tube at the bend and use the arm of the 
right-angle as a lever. The glass will almost certainly snap, and you 
may cut your hand badly. If you have difficulty in screwing the 
tube through the cork after wetting the glass, you must make the 
hole larger. This is usually done with a round, or rat-tail, file. 


Loosening a Tight Stopper or Lid 

If any of your bottles have glass stoppers or metal screw-caps you 
will find that these occasionally stick and you cannot open the bottle. 



Fig. 9. The Right Way to pass a Tubf. through a Cork 

Usually the difficulty is easily overcome, but sometimes obstinate 
cases arise. The following is a list of the remedies which should be 
tried, in the order given: 

(i) Tap the stopper on opposite sides with a piece of wood or the 
back of a penknife ' ’file pressing the thumb of the hand holding 
the bottle against . .c opposite side of the stopper. The latter pre¬ 
caution is to prevent the stopper from being knocked off. 

(ii) Soak a cloth in hot (not boiling) water and wrap it round the 
neck of the ' >ttle (for a glass stopper) or round the metal screw-cap. 
Alternative , allow hot water to drip on from the tap. Follow this 
up by tapping as described previously. 

(iii) Warm the neck of the bottle or the screw-cap over a candle 
or taper flame and then try tapping again. 

(iv) Apply a few drops of glycerine or vinegar around the neck 
of the bottle and leave it for a few hours. 

(v) Turn the bottle upside down in a cup half full of cold water 
and leave it standing for a while. 
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glass-working 

It is a great advantage to be able to carry out a few simple 

operations with glass tubing, as you can then exten >'<*£ 
beyond mere test-tube experiments. The chief operauom re^ed 
which are now described, are well w.thm <he powers o the amateur 
with a little practice. There are two tmportant precaut.om to 

0 b rHive^«a 0 i% n u g ze or asbestos mat handy on which hot glass 

“(ii) e Never pick up glass until you have made sure that it is coo. 
enough not to burn your fingers. 

Cutting Glass Tubing 

For this a three-cornered file is required. M akc - * i as ^ 
scratch on the tubing by pushing the file smartly across the glass 

FILE MARK 



two or three times. Do not ‘saw’ the glass, as c . • : n both 
crack, not to grind away a lot of the glass. Ho ie 1 ® t j iurn b s 

hands with the file mark away from you an p ace , 

fairly close together on the side of the tubing opposi • 

mark. Try to bend the ends of the tubing towards youby P^g 

your thumbs away from you. I he glass shou break 

the file mark. Do not use great force. If the tubing does not 

easily, make the file mark deeper and try again. -row 

The above method of cutting glass is only used for 1 ‘ , in 

glass tubing used in setting up apparatus Wider tubu g ( i 
diameter) is cut by the method described later When the tubing 

has been cut, the sharp edges should be roun e o 
described in the next section. 

Rounding off Sharp Edges 

Sharp edges on glass tubing are dangerous and should be r 
before the glass is used. Hold the tubing with the sharp edge in 
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side of a small flame for a few minutes. The glass will melt slightly 
and the sharp edge will disappear. Allow the end of the tube to 
cool before inserting it into a cork or piece of rubber tubing. 

To cut the Top off a Broken Test-tube 

Two methods of cutting wide glass tubes are now described. They 
can be tried out on test-tubes which have become chipped at the 
top. Broken tubes of this kind are dangerous to use in experiments 

unless the broken part is removed. 

Method x. Make a file mark on the broken tube at least 

half an inch below the broken part, and draw a line with a piece 



of chalk round the tube where you wish the separation to take place. 
Obtain a short length (about three inches) of ordinary narrow glass 
tubing. Heat one end of the tubing at first gently and then more 
strongly (turn the tubing round in the flame) until a blob of red hot 
glass is formed at the end. Lightly touch the end of the file mark 
on the broken test-tube with the blob of hot glass. You will hear 
a small crack start round the tube. Reheat the blob and touch the 
glass with it just beyond the crack along the chalk line. The crack will 
jump towards the hot blob. Continue this process until the crack 
has travelled right tound the test-tube. A slight tap or pull will now 
detach the broken part of the tube. 

Method 2. This method is perhaps not as reliable as Method i , 
but it is quicker. Make a semicircular loop at the end of a length 
of iron or copper wire so that the loop just fits round the tube 
(Fig. 11). Make a file mark on the tube about a quarter of an inch 
long. Again mark a chalk line round the tube. 

Heat the loop in a flame until the metal is red hot. Lay the test- 
tube in the loop so that the end of the loop just touches the file mark. 






IM.A'IT. j 
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You will hear a crack jumping around the 

touches the glass. it probably travel completely 

tube round in the loop. I he crack F 7 

round the tube. If necessary reheat the ‘°°P “J^a/kTascircled 

will need further treatment before it is pu . Mt • flamc as prc . 
left on the glass satisfactorily it should 

zt i "t.., !; b«,.r !:-.« »■ *•“ 

“A “Xt ™t“ — •sss&tz 

egg. Trim the wood with a knife so that d "o that 

shape of a cone like the bottom part o a S I iu \ )e Hold the cut 

about half the cone will enter t e en surface. Alternatively 

portion in a flame for a few seconds to c 1 shape Heat the 

you can cut a lump of charcoal to the ^It stiongly until 

open end of the new tube at first gent y an the 

the glass softens. Hold the wood cone m . l^fher hand. The 

mouth of the tube lightly on to t c c ° ne " h the tube is with- 
softened glass will be pressed outwards, and whcntlic_tu 

drawn after a few seconds it will be oun <-> ‘ . cornerC( J file. 

A spout is made on the tube by r " c ^ s u|Uil the glass becomes 
Heat the rim of the tube at the desire P draw the cc lge of the 

soft, and also warm the end of the 1 c. an <de of forty-five 

file across the softened edge of the tu c « • Tf v ou wish to deepen 

degrees. This will produce the required spout. Ifyouw.shto P 

the spout, repeat the operation. 

Bending Glass Tubing 

To bend glass tubing Pfopcrly^a sliroad, luminous 

‘ batswing ’ burner, is requued. Tn g bending can be 

flame. However, with practice fatrly sat.sfac,ory bendmg ^ 

carried out with a Bunsen burner or even « . • ire shown in 

Photographs which illustrate the method of working are 

The tube to be bent should be at least^ix or^even 

Adjust the flame of the Bunsen burner fingers, as 

roaring. Hold the tube between your thumbs andJn t hng 
shown in Plate 2, the thumbs being above, and the fingers 

8 
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the tubing. Heat the glass in the top part of the flame. While 
heating keep the glass rolling round between the fingers and thumbs, 
and alfo keep it moving a little across the flame so that the tube is 

heated over a distance of two or three inches. 

After a time the flame will turn yellow, which is a sign that th 
glass is beginning to soften. Gradually the glass will become red hot 
but do not be in a hurry to get on with the job. Keep the tube 
the flame until it becomes so soft that it is difficult to maintain the 
rolling movement. Then take the tube out of the flame and bend 
the ends upward until a bend of sufficient amount is obtained. 


To make an Ignition-tube from Glass Tubing 

l^nition-tubes are used for heating substances strongly, and to 

economize in the use of test-tubes and hard-glass tubes. General y 

they can be used only 

a m __ once and then have to be 

thrown away. A Bunsen 
burner is required to 
construct them. The 
glass-tubing should pre¬ 
ferably be somewhat 
wider (8 mm.) than that 
used for glass-bending. 

Take a piece of glass 
tubing about eight 
inches long and heat it 
exactly as described in 
the last section—that is, as if you were going to bend the tubing. 
When the glass has got to the red-hot, sagging stage withdraw it 
from the flame and, after waiting a couple of seconds, draw the 
hands outward, so that the heated portion is drawn out into a long 
thin tube about eight inches long (Fig. 12 (a)). The usual mistake 
of the beginner is to take the tube out of the flame too soon, so that 
either only a very short, thin tube is formed or the tube parts in 
the middle. 

Allow the glass to cool and then, by means of a file, cut the thin 
tube at the middle, M, which gives you two similar portions. Reheat 
the first portion in a hot flame at the shoulder A, holding the glass 
by the two ends and rolling it round in the flame (Fig. 12 (b) ). 
When the glass is red hot and soft draw off the thin part from the 
shoulder, A. This leaves a short tube which is closed at one end. 
It probably leaves also a thick blob of glass at the end of the tube 
where the thin portion was drawn away. This thick blob should be 
removed by heating the end of a pair of pliers and the end of the 



Fig. 12. Stages in the making of an 
Ignition-tube 
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glass tubing drawn off, or it can be used lor the blown., 

as described in the next section. rnrefulh all the small 

A most important precaution u /» gather together auJuUy aU 

pieces of glass left over from the experiment and to throw them au 
are dangerous if left lying about. 

Blowing a Bulb at the End 
of a Tube 

To blow a bulb on an ignition- 
tube, made as described above, 
heat the end of the tube at first 
gently and then strongly. Hold the 
tube with the end pointing down¬ 
ward, and turn it round in the 
flame. When the glass is red hot 
remove it from the flame and, 
holding the tube in a vertical posi¬ 
tion between the first two fingeis 
of your right hand and left hand, 

blow down it fairly strongly. finders This should 

While blowing roll the tube between tube If you 

cause a small, even bulb to form at the end of ‘hejube.^ 

blow too strongly, the bulb may_swc ^ bWing two or three 

make the bulb larger, repeat the he g « about three- 

times. The bulb when finished should measure 

quarters of an inch across. , ilK _ t hc heating 

Your bulb-tube can be used, like an ^Ucn-tubc for the b 

of substances, or you can make it into a magnifying glass 
described. 

Making a Magnifying Glass from a Bulb-tube 

This is done by filling the bulb-tubeinto 
narrowness of the tube, however, you 0 J. rc0 me the difficulty, 

thc tube, for the air inside cannot escape. en d G f the 

warm the bulb over a small fla^nc aT ) . P t be w m contract 

tube into a cupful of water. The air inside the tubew. ^ ^ 

on cooling, and water will be sucked up and most of the 

By repeating this operation a few tunes 1 . f t j^ e tu be 

tube will become filled with water. Plug the open end of 

with a little modelling clay. 


Fig. 13- Method of holding the 
Tube in blowing a Bulb 
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When small objects are viewed through the water-filled bulb they 
are magnified considerably. This home-made magnifying glass 
should be kept and used for examining crystals, the preparation of 
which is described later in the book. 

Making a Jet on a Glass Tube 

For some experiments, such as the Fountain Experiment (p. 143), 
it is desirable to know how to draw a tube out into a jet. 

Take a length of glass tubing about eight inches 
long and proceed as if you were going to make an 
ignition-tube—that is, heat the middle of the tube 
while rolling it between the fingers. Limit the 
heating, however, to about an inch in the middle 
of the tube. When the glass is soft and sagging 
remove the tube from the flame, count three, and 
then draw out the tube so that a thin portion about 
an inch long is formed. Allow the glass to cool and, 
by means of a file, cut the tube in the middle of 
the thin portion. Round ofT the ends of both parts, 
but take care not to seal the end of the jets. 

You will now have two tubes with jets. These 
can be used for the experiments described in the 
next two sections. 

A Handy Dropping-tube 

I his is a useful article to have when you want to 
add single drops of a liquid to a test-tube, 
l it a piece of rubber tubi> >.; about an inch and a half long over 
the wider end of the jet-tube. Close the other end of the rubber 
with a bit of glass rod, knitting-needle, or stub of a pencil. Dip the 



nai row end of the tube below the surface of a liquid and squeeze 
the rubber. Air is expelled from the tube, and when the pressure 
on the rubber is released the liquid is drawn into the tube. 

A Home-made Syringe 

A jet-tube can also be used to make a small syringe or water- 
squirt. Bend a pipe-cleaner in the middle and twist the two halves 
round each other as shown in Fig. , 5 , leaving a small loop at the 


PENCIL 

STUB 



Fig. 14. A 
Dropping-tube 
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middle Wind some thin wool tightly, but as evenly as possible 
round the end to a length of about an inch Obtain just suf ^ C1 ^ 
thickness of wool to allow the end of the plunger to pass into the 
“be. Tie the ends of the wool. You will now have a small but 

quite efficient syringe. 



CHAPTER III 


Simple Experiments 

This chapter describes some easy but interesting experiments 
which can be performed by the beginner in Chemistry. One of the 
common mistakes made by the beginner is to use far more of his 
materials than is needed to carry out an experiment. This not only 
results in the chemicals being wasted, but often prevents an experi¬ 
ment from being as successful as it should be. In the following 
experiments the amounts which should be used are indicated. The 
measurements for solid (powdered) chemicals are usually given in 
terms of a saltspoonful or a teaspoonful. It should be understood 
that these refer to a level spoonful. Liquid measures are given by 
the depth of liquid to be taken in an ordinary (5 in. X f in.) 
test-tube. 

Before starting an experiment make sure that you have all the 
materials required in front of you. It is often a nuisance to have to 
interrupt an experiment because something is missing. Read the 
instructions carefully and follow them as closely as possible. 

Crystallizing out Boracic Acid 

Boracic acid (chemists call it boric acid) is a white solid substance 
which is very soluble in hot water, but has only a small solubility in 
cold water. 

Measure out a tcaspoonful of boracic acid into an egg-cup. Warm 
half a test-tubeful of water over a small flame, holding the tube in a 
paper holder. When the water begins to boil remove the tube from 
the flame, add a little of the boracic acid by means of a saltspoon, 
and continue boiling. The substance will dissolve. Continue adding 
the boracic acid and boiling until the whole of the substance has 
been dissolved. Now allow the tube to cool. A beautiful shower of 
fine white crystals will form as the liquid cools. If the crystals are 
filtered and the filter-paper opened out to dry, the boracic acid can 
be replaced in your stock-bottle for further use. 

Crystallizing out Copper Sulphate , Alum , etc. 

Copper sulphate, or blue vitriol, differs from boracic acid in being 
very soluble, even in cold water. We therefore use a different 
method for crystallizing it. 

Take half a test-tubeful of warm, but not hot, water. Add a 
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saltspoonful of powdered copper sulphate, put your thumb over the 
end of the tube, and shake it gently until the powder has dissolved. 
Add another saltspoonful of the chemical and shake again Keep on 
adding copper sulphate and shaking until no more will dissolve in 
the water and a layer of the powder settles on the bottom of the 
tube. You now have a ‘saturated’ solution of the chemical. Wash 
your hands, because copper sulphate is poisonous. 

Filter the liquid (or pour it off if it is quite clear) into an evapor¬ 
ating-dish or any small, open dish. Put the dish aside for a few 
houre, and leave it undisturbed. Blue diamond-shaped crystals will 
form in the dish. Pour away any liquid left, and scrape the crysta s 
with a wood spill on to a piece of blotting-paper or filter-paper to 
dry them. Complete the drying by placing the blotting-paper and 
crystals on an old newspaper and leaving them for a time in a warrn 
place, such as the bottom of the airing-cupboard. I ut the dr> 

crystals back into your stock of copper sulphate. . , 

This experiment can be repeated with many other chemica s 
besides copper sulphate. Alum, washing-soda, magnesium sulphate 
(Epsom salts), and ferrous sulphate (green vitriol) are suitable sub¬ 
stances to use. In the case of ferrous sulphate you must add one 
two drops of dilute sulphuric acid to the water or the solution will 
turn brown and spoil (see p. 74)- The growing of big crystals 
described in Chapter VII. 

Invisible Writing 

There are dozens of recipes for invisible inks. Some of the 
simplest arc given here, although others which depend on treatment 
with special chemicals to develop them are described later in the 
book (see pp. 79 , 90 , and 182). For the writing to be invisible 

should be done on unglazed paper, like drawing-paper. 

Brown Writing. Dissolve a tcaspoonful of sugar in hall a■ test- 
tubeful of water, by shaking. Dip a wood spill or small paint-brus 
in the solution and write your name on paper. Warm the pape 
near the fire or by holding the paper about six inches above a small 
flame. Your name will appear in brown letters. Milk, Icmon-ju , 
onion-juice, and even saliva can be used instead of the sugar 

° Black Writing. Dissolve one saltspoonful of alum in about an 
inch of water in a test-tube and use this in the same way as the sugar 
solution. Dilute sulphuric acid, sodium bisulphate solution, an 

copper sulphate solution can also be used. ....... . 

Blue Writing. One of the best known invisible inks is made fiom 
red cobalt chloride crystals. Dissolve one saltspoonful of the crystals 
in one inch of water in a test-tube. This gives a pale pink solution 
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which is almost colourless when it is used for writing. If pink note- 
paper is used, the writing is quite invisible. When warmed, it shows 
up in a brilliant blue colour. The writing can be made to disappear 
by breathing on it, but it will appear again if the paper is warmed 
once more. 

Transparent Writing. Write on paper with a small piece of 
candle or wax. The writing is quite invisible until the paper is 
warmed. 

An unusual and little-known recipe for invisible ink is the following. 
Put into a test-tube one drop of any kind of oil and half an inch of 
strong household ammonia. Fill up the tube with water and shake 
it well. Dip a small paint-brush into the liquid and write on paper. 
Allow the writing to dry, when it will become invisible. The 
writing is made to appear by dipping the paper into water, but the 
writing will disappear again when the paper is dry. This can be 
repeated as often as desired. The liquid should always be well 
shaken before use. 


Indicators 

Indicators are substances used in Chemistry to find out whether 
a liquid is an acid or an alkali. They have different colours in acids 
and alkalis. If the liquid, like water, is neither an acid nor an alkali, 
it is said to be ‘neutral.’ 

Some well-known indicators are litmus, phcnolphthalein, Congo 
red, and logwood extract. The last of these is a dark red liquid 
obtained when logwood chips (which are often included in Chemistry 
sets) are boiled with water. Logwood is got from a certain kind of 
tree growing in warm climates, and litmus from a plant, while 
phenolphthalein and Congo red are made from coal-tar. The 
colours which arc produced in acids and alkalis are shown in the 
following table. 


| Indicator 

In Acid 

i 

In Alkali 

Litmus 

Red 

Blue 

| 

Logwood 

Yellow 

Purple 

' Phcnolphthalein 

Colourless 

Pink 

1 

Congo red 

Blue 

Red 


Put a few drops of the following solutions, in turn, into an egg-cup 
(wash the egg-cup after each test): vinegar, lemon-juice, citric acid, 
alum solution. Test the liquids with small pieces of blue litmus 
paper or one drop of any of the other indicators. 
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Similarly test in an egg-cup solutions of the following alkalis: 
washing-soda, lime-water, and dilute ammonia. This time use red 

litmus paper for testing. , 

A Home-made Indicator. Cut two or three slices from a fresh 

(unboiled) beetroot. Put the slices into a beaker or small saucepan 

with half a tumblerful of water. Boil the water for five minutes, 

when a dark red solution will have formed. Allow the hquid to 

cool and pour it off from the beetroot. Test the same .quids as in 

the previous experiment with a few drops of the red solution. This 

indicator has a red colour with acids and a yellowish-green colour 

"“cabbage and many other plant, can also be used for making 
indicators. Some of these are described at p. 145 - 

Neutralizing an Acid with an Alkali 

Dissolve one saltspoonful of citric or tartaric acid crystals in two 
inches of water in a test-tube and pour the solution into an cvapoi 
?r egg-cup. Add to the liquid a piece of blue litmus paper 

twhfch at onefturns red,. Put some dilute ammonia or washing- 
soda solution (p. . 7) into a test-tube and add this, one or « * 
at a time to the acid solution. Stir the liquid round each time aitei 
adding the alkali. Stop adding the alkali when the litmus papei 
just turns blue again. You have now neutralized the acid 

^Neutralization of an acid by means of an alkali (usually ammonia) 
is used to render an acid harmless when it has been spilled on 
clothes. The alkali destroys the corrosive properties of the aci . 

Copper-plating Iron 

Dip the blade of a penknife or a clean nail into copper sulphate 
solution. The blade will quickly become covered with aMayer of 
copper. The copper can be removed by drying the blade and 

rubbing it with emery-paper. 

Decolorizing Iodine 

Make a weak solution of‘hypo’ (sodium thiosulphate) by dis¬ 
solving a saltspoonful of the chemical in a test-tubeful of water Put 
a few drops of iodine solution into another test-tube ntI add he 
•hypo' solution to it one or two drops at a time. The colon, of the 

The colour can be restored by adding to the test-tube drop* 

of very weak acidified bleaching fluid. Use only "™ 

of the fluid to half a test-tubeful of water and add a saltspoonful ol 

citric acid or a few drops of dilute sulphuric acid. 
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The Curious Action of Starch and Iodine 

Heat half a test-tubeful of water until it boils. Add a small pinch 
of powdered starch and continue boiling for a few moments. Cool 
the solution by running cold water over the tube. In another test- 
tube put a few drops of iodine solution and add to it a few drops of 
the cold starch solution. The liquid which results looks black, but 
actually it is a very deep blue colour. This can be shown by filling 
the tube with water and holding it up to the light. 

Pour away some of the blue liquid, leaving the tube about half 
full. Warm it over a small flame. In a few moments the blue colour 
will disappear. Now cool the tube under the tap. The colour will 
return. This can be repeated as often as you like. 

The blue colour which iodine gives with starch is a very sensitive 
test, and it is said that one part of iodine in five million parts of water 
can be detected by this action. Chemists often use the test the other 
way round as a means of recognizing the presence of starch in 
various kinds of foods. You can carry out this test as follows. Boil 
one or two small pieces of potato with a little water in a beaker or 
small saucepan for a few minutes. Pour off the liquid into a test- 
tube, cool it under the tap, and add a drop or two of iodine solution. 
A blue colour will show that the potato contained starch. 

Blowing Lime-water Milky 

Put an inch or two of clear lime-water into a test-tube. Blow 

gently through the liquid by means of a glass tube or drinking- 

straw. The lime-water will turn a milkv colour. This action is 

# 

caused by the carbon dioxide gas in your breath. 

Blowing a Red Liquid Colourless 

Add one drop of washing-soda (sodium carbonate) solution to a 
test-tubclul of water and, alter shaking, pour away all except one 
inch of the liquid. Now add a drop of phcnolphthalein solution. 

I his will give a red solution. Blow through the liquid for a few 
minutes. I he red colour will disappear completely. The reason for 
this is that the caroon dioxide in your breath is an acid gas and 
neutralizes the alkali of the washing-soda solution. 

Home-made Health Salts. Testing for Carbon Dioxide 

Health salts of the fizzy kind usually contain sodium bicarbonate 
,baking-soda) and an acid substance such as tartaric acid or citric 
acid. This mixture can easily be made at home. You should not 
drink the mixture, however, as your ingredients may not be pure 
and safe. 

Mix together in a dry egg-cup a teaspoonful of baking-soda and 
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a teaspoonful of tartaric or citric acid. Add some of the mixture to 
about an inch of water in a tumbler. The fizzing, or eflercescc^ 
as it is called in Chemistry, is caused by the giving off of carbon 

“ howthat carbon dioxide gas is given off in the above action 
put about an inch of lime-water into a test-tube Put some of he 
health salts mixture into another tube and add a few drops of water. 
When the fizzing starts put the mouths of the two tubes together, 
as shown in Fig g .6, so that the lip of the li-e-ater nibc comes 
below the lip of the other tube. Carbon dioxide is ^heavTgas, and 

it will roll down into the lime-water tube. When the eff 

stops put your thumb over the end of the lime-water tube and shake 


CARBON 

DIOXIDE 




LIME-WATER 


W' 

Fic. 16. Method of testing for Carbon Dioxide 


the tube. The lime-water will turn milky showing that carbon 
dioxide has been given off. 

Carbon Dioxide from Chalk or Washing-soda 
Put a little chalk or washing-soda into .n test-tirl^ nrrd tidd n few 
drops of vinegar (which contains acetic acid) or some citric ot 
fade acid sofution. Test for the giving off of carbon dioxide as 
described above. It should be noted that blackboard dialIk »n 
real chalk and it does not give off carbon dioxide u he trea cd with 
an acid The chemical name of real chalk is calcium ca. donate 
and that of washing-soda is sodium carbonate. Any substance called 

a carbonate yields carbon dioxide wit i an act . , w hitin ff 

Calcium carbonate is usually present in egB^dls 
(Blancol tooth-pastes, and tooth-powders. Another fo. m of calcium 
carbonale is marble. Washing-soda is one »f the — 
dients of washing-powders. If any of these mate, .alareava lab* 
you might test them to see whether they give off carbon d.ox.d 

when they arc treated with an acid. 

Dyeing Easter-eggs 

In some parts of the country it is the custom a. Easter to boil 
and dye eggs to use in various ceremonies. The dyeing can 
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easily carried out at home. Ordinary coloured chemicals are not 
suitable for this purpose, because some of them are poisonous. The 
following dyeing materials can be used, and produce the colours 
indicated: parsley (green), cochineal (red), beetroot (red), coffee 
(brown). Simply add a little of the material to the water in which 
the eggs are being boiled. 

Drawing Water through a Potato 

Slice one end off a potato and scoop out a hole about an inch deep 
in the exposed end. Put a teaspoonful of sugar into the hole and stand 

the potato with the cut end at the top in a 
beaker or cup, as shown in Fig. 17. Fill the 
beaker or cup about half full of water and 
leave it on a shelf. 

In a few hours the hole will have filled up 
with water drawn through the potato by 
the sugar. The sugar, of course, will have 
dissolved in the water. 

This experiment illustrates one of the 
methods by which water passes from the soil 
through the cells of a plant. It occurs only 
with living cells. If the experiment is repeated 
with a potato which has been immersed in 
boiling water for a few minutes to kill the 
cells, it will be found that no water is drawn 
into the hole through the potato. 

Carbon Dioxide from Flowers and Leaves 

Here is a little scientific investigation which you can carry out. 
I he pioblcm is to discover how light affects the giving out of carbon 
dioxide gas by flowers and leaves. 

Obtain four empty jam-jars with lids. Into two of the jars put 
one or two flowers (any kind will do, providing they are not very 
small). In the other two jars place sprigs of mint, lettuce leaves, or 
any kind of green leaves. Leave one jar containing flowers and one 
containing green leaves on a window-shelf in daylight. Put the 
other two jars in a dark cupboard. 

After about two hours test the jars from the window-shelf by 

quickly taking out the flowers and leaves (do not turn the jars over) 

and pouring in a little lime-water. Put the lids on and shake the 

jars. Similarly test the two jars which were left in the dark to see 

if they now contain carbon dioxide. Your results should agree with 
the following: 



Fig. 17. A Potato 
Experiment 



SIMPLE EXPERIMENTS 45 


— 

Left in Daylight 

Left in Dark 

Flowers 

Carbon dioxide 

Carbon dioxide 

Green Leaves 

j No carbon dioxide 

Carbon dioxide 


Flowers give out carbon dioxide all the time, whether in daylight 
or darkness. Leaves and the other green parts of plants, however, 
only give out carbon dioxide in the dark. In daylight they actually 
take in carbon dioxide from the air and turn it into oxygen, a gas 
which we require for breathing. 

Making Precipitates 

It often happens that when a solution of one chemical is added 
to a solution of another chemical a solid substance is formed. This 
is called ‘precipitating’ the solid substance, and the latter, when it is 
formed in this way, is referred to as a ‘precipitate.’ Precipitates are 
usually obtained in the form of a fine powder, although sometimes 
they are seen as a jelly-like (gelatinous) material. 

Add a little washing-soda solution to some clear lime-water in a 
test-tube. Immediately a white precipitate of chalk, or calcium 
carbonate, will be formed. The manner in which the precipitate is 
produced is rather interesting. The chemical action which occurs 
is an ‘ exchange of partners ’ process. 11 can be represented as follows. 

Sodium carbonate + calcium hydroxide —► 

(washing-soda) (lime-water) 

calcium carbonate -f- sodium hydroxide 
(precipitate) (in solution) 

The chalk is precipitated because it is insoluble in water. The 
sodium hydroxide, which is also formed, is not precipitated, because 
it is soluble in water. The proper chemical name for the ‘ exchange 
of partners’ action is ‘double decomposition.’ 


1 Colour of Precipitate 

Chemicals 

White 

Aluin + ammonia 

Pink 

Cobalt chloride + sodium carbonate 

Brown 

Iron alum + ammonia 

Black 1 

‘Hypo’ + copper sulphate 

Green 

Ferrous sulphate + ammonia 

Blue 

Sodium carbonate + copper sulphate j 


* The precipitate is formed only when the mixture is boiled. 
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By adding solutions of the right chemicals to each other you can 
obtain various colours of precipitates. The table given on p. 45 
shows what chemicals to use to obtain coloured precipitates. 

A Beautiful Royal Blue Colour 

The bottles of coloured liquids which chemists use to adorn their 
shop windows often include one containing a deep blue solution. 
This striking colour can be made as follows. Dissolve one saltspoon- 
ful of blue vitriol (copper sulphate) in half a test-tubeful of water. 
Add dilute ammonia solution, drop by drop, to the cold liquid and 
mix thoroughly. At first a light blue precipitate will be obtained. 
Keep adding the ammonia and shaking. The precipitate will dis¬ 
appear and a deep royal blue liquid will be formed. 

Proving that a Liquid really is Water 

You might think that you could always tell whether or not a 
liquid was water by its appearance or by tasting it and smelling it. 
There are plenty of colourless liquids besides water, however, and 
it is not always possible to apply the tests of tasting and smelling. 
In this case we apply a chemical test to find whether the liquid is 
water or contains water. 

Gently warm a little powdered copper sulphate on a clean tin-lid 
or in a metal screw-cap held in a pair of pincers or pliers. The 
powder will lose its blue colour and turn greyish-white. Allow the 
substance to cool and divide it into two parts. First drop on to one 
part of the white powder a drop of methylated spirit or liquid 
paraffin. Nothing will happen. Now add a drop of water to the 
other part of the powder. The powder will at once turn blue again 
and steam will be given off. 

Another test for water is carried out with a solution of cobalt 
chloride. Dissolve a saltspoonful of this chemical in an inch of water 
in a test-tube. Pour a few drops of the red solution on to a filter- 
paper, and dry the filter-paper by holding it in front of the fire or 
over a small flame. The paper will turn a bright blue colour. Test 
the paper first with a drop of methylated spirit or liquid paraffin and 
then with a drop of water. The latter will restore the light pink colour 
of the cobalt chloride, but the other liquids will have no effect. 

A Strange Property of ‘Hypo ’ 

Usually when a solid substance is heated sufficiently it melts and 

then if the melted substance is cooled it becomes solid again. ‘ Hypo’ 

(sodium thiosulphate) is an exception to this rule if it is treated in 
the right way. 

Put two or three drops of water and about an inch of ‘hypo’ 
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crystals into a test-tube and warm the tube gently over a very small 

flame, moving the tube about over the flame. When the crysmk 

have dissolved remove the tube from the flame and put » « P g 

of cotton-wool into the top of the tube. This w.l * e P ™ nd thlt ^he 
is in the air. Allow the tube to cool, when it will be found that he 

contents are still liquid (if dust is allowed to enter the tube the 

liauid mav solidify before it is cold). . i r 

Now remove the plug of cotton-wool and add a tiny speck of 
solid ‘hypo’ to the tube. If the tube is gently shaken the liquid w 
immediately turn into a mass of solid crystals and the tube will 

experiment can also be carried out with sodium sulphate 
(Glauber’s salt). 

How Iron can be Burned 

To burn iron it must be in the form of fine P artic ' es ^ 
or wire (steel wool). Sprinkle a few iron filings in. a Bu«en flam- 
The filings will burn and produce a fine showe. of sparto. It Y° 
sprinkle the iron filings from an old pepper-pot into the * 

have the room in darkness you will obtain a striking p 

safe firework display. ~ , r ii 

Steel wool is often used for cleaning pans at home. To burn wefl 

it should be very fine. Hold a little of the stee wool m a pa*°t 

pliers and heat it for a moment in a flame. It w the 

bright glow. When iron burns it combines with!the °*>f" “ ^ 

air and forms a greyish-black oxide of iron, which has the chemica 

formula Fe 3 0 4 . 

Coloured Flames 

These are made by introducing small amounts of variom chemicals 
into a non-luminous (non-yellow) flame, and give very pretty e fecls 
when the experiment is carried out in a darkened room. Or*nary 
salt, boracic acid, chloride of lime, and copper sulphate are sunaMe 
chemicals to use. Coloured flames are also g*ven by chemicals 
containing potassium or strontium, if you have any ° f di«e ir V 
Chemistry set. To carry out the tests you will require a few spent 

matches or wood spills. . , of the 

Wet the ends of the matches or spills and pick up a hit 

chemicals on the wet ends. Introduce them into the ^fajlame 

and different colours will be imparted to the flame, as follows. 

Common salt Orange-yellow 

Boracic acid ^ rc . cn 

Chloride of lime Red , 

Copper sulphate Greenish-blue 

Potassium compounds Lilac or violet 

Strontium compounds Crimson 
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In the last three cases the colour obtained will be more brilliant if 
a little sal-ammoniac (ammonium chloride) is mixed with the 
chemical. 

If there is another person in the room when you are doing the 
experiment with common salt it is interesting to observe his face. 
The orange-yellow flame will give his face a bloodless and ghost-like 
appearance. The same effect is produced by the sodium-vapour 
lamps which are used to light the streets in some of our towns and 
cities. 

An Inflammable Gas from Sugar 

This is a suitable experiment to perform with a bulb-tube if you 
have made one as described at p. 35. Otherwise you can use an 
ordinary test-tube. 

Fill the bulb of the bulb-tube not more than half full of sugar or 
put half an inch of sugar into the test-tube. Hold the tube in a 
paper holder so that it slopes down slightly (see Fig. 8), and place 
a saucer below the open end to catch any liquid which falls from 
the tube. 

Heat the sugar gently at first and then more strongly. The sugar 
will melt and turn first brown and then black. Drops of a brown 
liquid will be formed in the cooler part of the tube and will run 
down into the saucer. When the sugar turns black put a lighted 
spill to the end of the tube. The gas which is being given off will 
ignite and burn with a yellow flame. The black substance left in the 
tube after the experiment is a form of carbon called ‘sugar charcoal.’ 
The liquid which collects in the saucer is water coloured by tarry 
impurities. It can be tested with white copper sulphate or blue 
cobalt chloride paper made as described at p. 46. 

In this expci iment you obtain from one substance, sugar, at least 
three other substances—sugar charcoal, water, and an inflammable 
gas. When single chemical splits up and gives a number of other 
substances it i. said to ‘decompose’ and the chemical action is called 
‘ decomposition.’ 

An Experiment with Sugar and Baking-soda 

Mix together on a piece of paper a saltspoonful of sugar and an 
equal amount of baking-soda (sodium bicarbonate). Put the mixture 
on to a tin-lid and flatten the heap out with the back of a spoon. 
Hold the lid in a pair of pincers or pliers and heat the mixture over 
a medium Bunsen flame. In a few moments a puffy black pillar will 
rise up from the mixture to a height of two or three inches and present 
a very curious appearance. The pillar consists largely of sugar char¬ 
coal blown up by carbon dioxide gas which is given off from the 
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baking-soda. The black substance is very light and can easily be 
blown off the lid. 


Burning of a Candle 

Take a clean, dry jam-jar, hold it upside down, and put into it a 
lighted candle as shown in Fig. 18. Notice that the glass becomes 
dim owing to a film of dew deposited on it. In a short while the 
flame will go out. Again light the candle and put it into the jar. 
Again it will go out. Now turn the jar over, quickly pour a little 
lime-water into it, and shake the liquid round. The lime-water will 
turn milky, showing that carbon dioxide has been produced. 

The candle flame goes out because it uses up 
the oxygen gas in the air which is in the jam¬ 
jar. Air consists chiefly of two gases, oxygen and 
nitrogen, but only one of these, oxygen, takes 
any part in burning. The oxygen combines with 
the carbon and hydrogen of which the candle 
is made, and produces carbon dioxide and water 
respectively. 

Fireproofing 

Paper, wood, and other materials which burn 1 A (j AN , )1E in 
can be rendered fireproof by soaking them in a a Jam-jak 

strong solution of‘hypo’ (sodium thiosulphate) 

or water-glass (sodium silicate). Leave two or three matches 
soaking in a strong solution of one of these chemicals or an 
hour or two. Leave also some tissue-paper, cotton-wool, and a tc 
strands of ordinary wool in the solution for a few minutes. quee/.c 
them out lightly and leave them to dry in a warm place \ ou wr 
find that the materials which you have treated will not burn he 

dry. 



Making the 4 Bad Egg ’ Gas 

The name of this gas, beloved of schoolboys, is sulphuretted 
hydrogen, or hydrogen sulphide. It can be mace i<>m *>P 

CI ^Heat a few ‘hypo’ crystals in a metal screw-cap held in a pair of 
pincers or pliers. Heat gently at first until the substance has me 1 c 
and then solidified again. Steam will be given off With stro g 
heating the smell of sulphuretted hydrogen will be recognized 

Allow the screw-cap to cool. Moisten the white substance which 
remains with a few drops of vinegar or any acid so ution. 
strong smell of sulphuretted hydrogen will now be noticed. ’ 

for the gas chemically dip a strip of filter-paper in copper sulph.it 
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solution and hold the paper just above the screw-cap. The paper 
will turn black. 

How to make Other Gases 

Oxygen. The easiest way to make this gas is from hydrogen 
peroxide. Put half an inch of hydrogen peroxide solution into a 
test-tube and add a drop or two of green vitriol (ferrous sulphate) 
solution. The contents of the tube will froth vigorously due to the 
giving off of oxygen. The gas is colourless and cannot be seen. It 
is also without smell. Test it by lighting a wood spill, blowing the 
spill out, and introducing the end while still glowing into the mouth 
of the test-tube. The spill will light up again. 

Another way to make oxygen is by means of bleaching fluid. 
Put half an inch of the strong fluid into a test-tube and add a 
few drops of a fairly strong solution of cobalt chloride. A black 
precipitate will form. Warm the tube gently until frothing starts 
and then remove the tube from the flame. Oxygen will be given 
off in abundance. Chloride of lime can be used instead of bleaching 
fluid. 

Hydrogen. Put a quarter of an inch of iron filings into a test-tube 
and just cover them with an acid solution (citric acid, dilute sulphuric 
acid, sodium bisulphatc). Warm the tube gently until frothing 
starts. Hydrogen is colourless, or invisible. When it is pure it has no 
smell, but traces of other gases usually make it impure, giving it a 
rather nasty smell. Pest the gas by removing the tube from the 
flame, putting your thumb over the end of the tube, counting five, 
and then applying a lighted spill at the end of the tube. There will 
be a sharp ‘pop’ as the inflammable gas explodes. 

j\ote. It is extremely dangerous to explode any quantity of hydrogen greater 
than a test-lubcful, and it . wild never be attempted. 

Ammonia. Put two saltspoonfuls of sal-ammoniac (ammonium 
chloride) into a test-tu00 and add an inch of washing-soda (sodium 
carbonate) solution. \\ arm the tube. Test the ammonia gas by 
smelling it cautiously and by means of wet red litmus paper. 
Ammonia is alkali. 

Removing Oxygen from Air with Iron Filings 

It has been mentioned previously (p. 49) that the burning of 

substances depends on the presence of oxygen gas in the air. The 

oxygen in a jam-jar can be removed by allowing iron filings to rust 
in the jar. 

Dissolve two teaspoonfuls of ordinary salt in a cupful of water. 
Swill a little of the solution round in the jam-jar so as to wet the 
inside thoroughly. Pour the solution out, and sprinkle iron filings 
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around inside the jar so that they cling to the sides of the jar. Put 
the jar, mouth downward, in a flat dish or saucer half full of the 
salt solution and place it on a shelf or in a cupboard where it can 
be left undisturbed for two or three days. The liquid will start rising 
into the jam-jar, because the oxygen in the air inside is being 
removed by the iron filings to form rust. Rust is an impure red oxi 
of iron, which has the chemical formula Fe 2 0 3 . Add more salt 
solution to the dish or saucer each day to restore the original level 
At the end of about three days the liquid will stop rising in the 
jar. This will occur when all the oxygen has been removed. I he 
liquid should then be about one-fifth of the way up the jar, becau 
one-fifth of the air is oxygen. The 
remaining four-fifths consists chiefly of 
nitrogen gas. Test the nitrogen by slid¬ 
ing a piece of stiff cardboard over the 
mouth of the jar, turning the jar over, and 
putting a lighted taper or spill into it. 

The light will be extinguished. Now that 
the oxygen has been used up the remain¬ 
ing nitrogen will not support combustion 
—that is, let things burn in it. 


IRON FILINGS 

v 






Fig. 19. Apparatus for ri- 
Make Tour Own Ink-eradicator moving Oxygen from Air 

For this you require two solutions, 
one of citric acid or tartaric acid and one of bleaching fluid, sue 

Dissolve two saltspoonfuls of the acid in one inch of water m a 
test-tube and transfer the solution to an egg-cup. 1 ut half an_.nch 
of bleaching fluid into a test-tube and fill up the tube ° half-way 
with water. Transfer this solution to another egg-cup. Us m a glass 
Tod or wood spill, moisten the writing-ink with the acd so.uuon and 
leave it standing for a couple of minutes. Then blot the w mg and 
moisten it with the second solution. The mk w.il slowly d, appear 
To prevent damage to the paper put a little 'nore of hc c.d 
solution on the paper where it has been moistened with bleaching 
fluid. Blot the paper and dry it in front oi the lire 

If you put the two liquids into small bottles and label them y 

will be available at any time for removing blots, etc. 

Making Potash Crystals (an Alkali) from Cigarette Ash 
Collect enough cigarette ash to half fill a test-tube (but : do not 
include any tobacco). Fill the tube with warm water _J 1 
half-way and shake it for a minute. Part of the ash «»ll ^ 
Filter the liquid and collect the filtrate (the liquid which pas 
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through the filter-paper) in an evaporating-dish. Test the liquid 
with red litmus paper. The paper will turn blue, showing that an 
alkali is present. Leave the solution in a warm place to evaporate. 
White crystals of the alkali called potash (potassium carbonate) will 
be formed. 

Test the product (preferably after mixing it with a little ammo¬ 
nium chloride) by introducing it into a flame on the end of a wet 
spill. A lilac or violet colour should be imparted to the flame. This 
is the test for potassium compounds. Also test the crystals with a 
drop or two of an acid. There should be frothing due to the giving 
off of carbon dioxide gas. This is the test for a carbonate (p. 43). 



Fio. 20. Experiments with a Bunsen Burner 


Potash was one of the earliest alkalis known to mankind. It was 
obtained by burning wood in pots and washing the white ash left 
after burning. This explains how the name ‘pot-ash’ arose. 

Experiments with a Bunsen Burner 

If you have a Bunsen burner there are a number of interesting 
experiments which you can do with it as now described. 

(i) Turn the gas-tap about half on and have the air-hole of the 
burner about half open. Hold a wood spill for a second in the 
middle of the flame and about half an inch above the top of the 
burner (Fig.20 ( a) ). Remove the spill before it catches fire. There 
will be two scorch-marks where the spill was in the outer part of the 
flame (as indicated by the shaded portion of the spill in the diagram). 
Between the two marks the spill will not be burned. This shows that 
the centre part of the flame is quite cool. 

(ii) Pass a pin through the stick of an unlit match about half an 
inch from the head. Turn the Bunsen flame out and lay the pin 
across the top of the burner so that the stick is down the barrel and 
the head of the match directly above the centre of the barrel 
(Fig. 20 ( b ) ). Now turn the gas full on and light it. If there is no 
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:«E^r^r^5r2H5 

and a small flame will start burmng ttere. Jim sh ^ ^ ^ 

down in Ate flame and And 

first), thus revealing the narrow^ jet m l b The flame will i ea p 
issues. Turn on the gas and light it at tne J of the j et at 

high into the air, showing that. t c gas through the jet which 

great speed. It is the speed of the gas rushing through^th* j 

causes air to be sucked in through the air-hole when 

° P (v)' Replace the barrel of the burner, clothe «£££and Ugh. 

the gas. Hold a porcelain lid or piece ° tcn secon ds. When 

pliers and introduce it into the - t () f soo t or carbon, on 

Von wi^draw it you will with a candle 

the porcelain or saucer. A similar iesui i 

"'Repeat the experiment with 'he air-hole part.^open.m that^a 

non-luminous flame is obtained. conta i n a good deal of 

this time. The gases composing -8 . whcn t j ie air-hole is 
carbon, which appears as cai ><m P , hcat a nd thus 

closed. The particles are rendered white-hot >V ^ ^ mUed 

make the flame luminous. When t ie an - > j particles are 

with the coal-gas burns up the carbon so that no ca, bon pa 

f ° rmed * A Simple Sugar Experiment 

i „ th,> water has become still, 

Fill a basin with water and w cuhc , nto the water 

float a match on it. Dip one corner o < a j* ew mo mcnts 

about half an inch from one endo ^^J . f yQU movc the sugar 

the match will move towards the . g« , ause 0 f this curious 

slowly away the match will follow lt - suspect . As the sugar 

behaviour is not magnetism, as yo g 1 bottom of the 

dissolves in the water the heavy solution falls^to tne ^ 

basin and the surface water flows towards the sugars r< p 
descending liquid. The match is merely earned towa a d ? op 
by the surface current. If you colour the lump ot sug 
of ink you will see that this explanation is corr 
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Experiments with Common Chemicals 

What experiments can I do with so-and-so? This is the kind of 
question which the keen young chemist armed with a boxful of 
chemicals asks his elders. In this chapter we describe a great variety 
of experiments which can be performed with simple, common sub¬ 
stances. For the convenience of the reader the names of the sub¬ 
stances arc arranged in alphabetical order. 

Most of the chemicals, which are additional to those mentioned 
at p. 16, will have to be bought, but many will be found in the 
kitchen cupboard, the medicine chest, or elsewhere at home. The 
approximate prices of chemicals are listed at p. 231. In most cases 
one ounce will be a sufficient quantity to carry out the experiments 
given in this chapter. 

The experiments which follow are easy to perform, but again the 
experimenter is advised to read the instructions carefully and use the 
amounts of substances specified. It is generally a good idea to make 
enough solution of a chemical to do all the experiments described 
under that chemical. This will save time and will avoid the trouble 
of constantly preparing fresh solutions. 

Alum 

(Potash Alum) 

Chemical jXame: potassium aluminium sulphate. Chemical Formula: 
K.,S 0 4 . A 1 2 (S 0 4 ) 3 .24H0O. 

There are several alums, but the name is generally used for potash 
alum. This is a white crystalline substance, which can be made by 
mixing together solutions of potassium sulphate and aluminium 
sulphate and leaving the liquid to crystallize. It dissolves fairly 
readily in water. The solution is acidic and turns blue litmus red. 
Alum is sold in the form of styptic pencils for stopping bleeding from 
small cuts. Industrially it is used as a mordant in dyeing to fix the 
dye to the cloth (see Simple Dyeing Experiments, p. 139). 

Make a solution containing half an inch of alum crystals in two- 
thirds of a test-tubeful of water and use the solution in the following 
experiments. Be careful not to spill the acid solution about. 

Making Hydrogen Gas. Put a saltspoonful of iron filings into 
a test-tube with half an inch of alum solution and warm the tube 
gently. When frothing or effervescence begins remove the tube 
from the flame. Put your thumb over the end, count five, and then 
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apply a lighted wood spill to the end of the tube. The hydrogen in 
the tube will explode wth a stop pop. test . tub e contain- 

inch of baking-soda or wm mg . Test f or the carbon 

of an alkali to alum so uuon^Use ha^an me solution . Thc 

of an aU such as citric or 

sulphuric acid, is added to the tube and the - 

tube gently shaken. ... 

Removing Colour from Liqrnds with 

Aluminium Hydroxide. This experiment 
works well with thc common dyes Congo red 
and cochineal. The latter .s used in contec- 
tionery to give a pink colour to icing and cakes. 

Thc7xperiment can also be done with blue- 

black ink or red ink. 

Add not more than one drop oi the 

solution to an inch of water m a test-tube^ 

Put in about an equal amount °f dilute 

• r 11 tnK p with alun 



pic. 21. Method of 
growing Alum 
Crystals on CorrON 


Put in about an equal amoum - —— soludon- Allow the 

ammonia and then fill up the tu e which has formed will 

tube to stand The ^mimum hydroxide whjchh- ^ ^ 

gradually settle to the bottom results will be seen more 

taken the colour out of the liquid. The results 

An interesting method of performing 

this experiment is now described. , u v adding three 

First make a warm, saturated sohit.on of alum ’ of 

or four teaspoonfuls of the powdere , r r a f ew hours in a 

zis ws? sr »-. — 

beaker or jar. , j SD :n an d attach a 

Tie one end of a length ° f co “ on ™^ nd Suspend the weighted 

alum is described in Chapter VII. 
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The experiments described under Aluminium Sulphate can also 
be carried out with potash alum. 

Aluminium 

Chemical Symbol: Al. 

Aluminium is a metallic element 1 . It is remarkably light and is 
used for making kettles, saucepans, etc. You can obtain aluminium 
from milk-bottle tops, tooth-paste tins, etc. 

Making Hydrogen. Cut half an aluminium milk-bottle top into 
small pieces. Put the pieces into a test-tube and add a teaspoonful 
of washing-soda and an inch of water. Hold the tube in a paper 
holder and warm it over a small flame. When effervescence starts 
remove the tube from the flame and test for hydrogen with a lighted 
spill as described at p. 54. 

Action of Acids. Heat a few small pieces of aluminium with 
about an inch of dilute sulphuric acid or dilute nitric acid in a test- 
tube. In cither case there will be effervescence due to the giving off 
of hydrogen from the sulphuric acid or oxides of nitrogen from the 
nitric acid. It is difficult to get sufficient hydrogen to explode with 
a lighted spill. A solution of aluminium sulphate or aluminium 
nitrate will be formed. After heating the metal with the acid for 
about five minutes allow the tube to cool, and pour off the solution 
into another test-tube. Add to it about two inches of dilute ammonia 
solution. A white gelatinous precipitate of aluminium hydroxide 
will be obtained. 

Aluminium Sulphate 

Chemical Formula: Al 2 (SO,,) 3 . 18H0O. 

This is a white crystalline substance similar in many ways to 
potash alum (which is partly made from it). It has the advantage, 
however, of bring much more soluble in water than potash alum. 
Aluminium sulphate is used, along with sodium bicarbonate and a 
soap-like chemical, in ‘foam’ fire-extinguishers. It is also used to 
bring about the settling of small particles of suspended solids in 
reserv and sewage. 

The t oam used in Fire-extinguishers. Make some warm, 
but no. not, soapy water and put about an inch of the liquid into a 
beaker or jam-jar. Shake an inch of baking-soda (sodium bicarbon¬ 
ate) with half a test-tubeful of water for a few seconds and pour it 
into the soapy water. Now add half a test-tubeful of fairly strong 
aluminium sulphate solution. A white mass of bubbles will rise in 
the beaker or jar and look like an ice-cream soda. The foam is very 

1 An element is a substance which cannot be split up into any other substances. 
Elements are divided into two classes, metals and non-metals. A list of the chief 
elements, with their chemical symbols, is given at p. 232. 
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strong and will last for hours. The foam produced b y^ r T e " i ' 1 S““^- 
ers forms a ‘ blanket ’ over the burning material and shuts out 

air Clearing 3 Muddy Water. Shake an inch of soil with a test- 
tubeful of water. Pour half of the muddy liquid into a jam-jar and 
the other half into a second jar. Fill both jars to about half-way 
with water Into one jar pour half a test-tubeful of alum.n urn 
sulphate solution and then slowly add half a test-tubeful of dilute 
ammonia or sodium carbonate solution. Stand the treated jar beside 
the untreated one and leave both undisturbed. In about ten nunute 
the treated water will appear quite clear, but the unt.cated "ate 

W A Test fo m r Al^niurrr Compounds. Put one or two drops of 
red cobalt chloride solution on to a piece of filter-paper or^ wh tn 
blotting-paper and then drop on also one or two drops °f aluminium 
sulphafe solution. Dry the paper by holding tt ovei a smallJam 

and then set fire to it over a saucer. The ash will be blue. 1 h.s is 

test given by all aluminium compounds in solution. 

Afuminium sulphate can also be used for doing the expeniients 

described under Alum. The making of ‘ammonia alum horn 

aluminium sulphate is described at p. 61. 

Ammonia 

Chemical Name: ammonium hydroxide. "^^m^^forrnuU 
Ammonia is really an invisible gas, with the chenucal formula 

NHj, but when the gas is dissolved in water (it is > Hmlsc | 10 i d 
forms an alkali with the name and formula gtven above. House old 

'ammonia' is a strong solution of the gas, and “ “■?*/“ ' C ' sc S 
The familiar choking smell of the liquid is caused by the gas escapmg 
into the air. ‘ Cloudy ammonia’ contains powdered soap in addition 

to ammonia. , 

In Chemistry ammonia solution is chiefly used io. 

acids and for precipita.ing the metal compounds known ” * „]wn 

ides. The latter arc produced, usually as jel y- i c P P ’ j 
ammonia is added to solutions of soluble compounds ofThe meta 
Examples are given under Alum, Ferrous Sulphate, Iron Alum, 

Magnesium Sulphate, and Zinc Sulphate. ■ /t. 

Household ammonia is far too strong for most “P'™^ * 
dilute solution is made by adding about five parts of water to one 

th Making S Ammonium Sulphate by Neutralisation Put half 
a test-tubeful of dilute sulphuric acid into an evapora .ng-dish and 
add a small piece of red or blue litmus paper (the blue turns: ^ b 
From a test-tube add dilute ammonia solution, a drop 
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time, to the dish, stirring the liquid with a rod or wood spill after 
each addition. Continue adding the ammonia and stirring until the 
litmus paper just turns blue. Then remove the litmus paper and 
leave the dish in a warm place to evaporate. The evaporation can 
be hastened by gently boiling away about two-thirds of the liquid 
before leaving it. White crystals of ammonium sulphate will be 
formed in the dish. 

When an acid is neutralized by an alkali a crystalline substance 
called a ‘salt’ is formed. Ammonium sulphate is an example of 
a salt. 

Ammonium Carbonate 

Chemical Formula: (NH 4 ) 2 C 0 3 . 

This is a white powder, and it is fairly soluble in water. The 
solution is a weak alkali. Ammonium carbonate is used in ‘smelling- 
salts/ which arc used sometimes to revive a fainting person. The 
effect is caused by sniffing the ammonia gas given off from the 
ammonium carbonate in the bottle. 

Decomposing Ammonium Carbonate. When heated ammo¬ 
nium carbonate decomposes completely into three gases or vapours, 
steam, ammonia, and carbon dioxide, so that the substance 
disappears. 

Heat a little ammonium carbonate in an ignition-tube or dry 
test-tube, holding the tube in a paper holder so that it is sloping 
down slightly. Notice the steam and drops of water in the cooler 
part of the tube. Test for ammonia gas by smell and by holding a 
piece of damp red litmus paper at the mouth of the tube. The paper 
will be turned blue. Test also for carbon dioxide with lime-water 
as described at p. 43. After a while none of the white powder is left 
at the bottom of the tube. 

Action of Alkalis. Warm a little ammonium carbonate in .1 
test-tube with an inch of washing-soda solution or lime-water. 
Ammonia gas can again be detected by smell or by litmus. 

Action of Acids. Add a little acid solution (vinegar, citric acid, 
etc.) to some ammonium carbonate in a test-tube. Note the effer¬ 
vescence, or bubbling. Test for carbon dioxide by lime-water. 

Precipitating Metal Carbonates. Add a solution ofammonium 
carbonate to solutions of copper sulphate, ferrous sulphate, mag¬ 
nesium sulphate, zinc sulphate, and to lime-water. Precipitates of 
metal carbonates of various colours will be formed. 

Ammonium Chloride 

Common Name: sal-ammoniac. Chemical Formula: NH 4 C 1 . 

Ammonium chloride is a white powdery, crystalline substance 
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which is very soluble in water. tte Leclanche 

™ S a"wi g htt d a«e y rVcan be obtained front a spent battery 

a. Dry-cell. The various parts of a dry c 11, Thc layer of pitch 

paper wrapping, are illustrated ' n F ‘g- ’ ^® it by wa rming, after 
which seals the cell is best removed y *> Thc black mixture 

which it can be scraped away with P k sal-ammoniac and 

below consists chiefly of two chemicals, wnu ^ 

black manganese dioxide. 

Scrape out as much of the black 
mixture as you can into a beaker 
and stir it up with a test-tubeful of 
hot water. This will dissolve thc sal- 
ammoniac but not thc manganese 
dioxide. Filter the black liquid 

into an evaporating-dish. l nt 
filtrate is a colourless solution ot 
ammonium chloride. Evaporate 
the solution to about one-thud, 
and then leave thc dish in a warm 


SUBLIMATE 
VAPOUR. 

JUBSTANCE 





Fig 22. Effect op Heat on 

Sac-ammoniac 


ana men - - 

place to complete the evaporation. ^ ob(ained . The black 

White crystals of ammonium ehlo . ^ (he r , lter . pa per can be 

residue of manganese dioxide (imp ; 

used for experiments described lMer (see p^So^ ^ ^ propcrly „f 

Action of Heat. Sal-ammoniac i ^ mcU likc most sub- 

subliming’ when heated t ia » d - into a gas or vapour, 

stances do. It changes straight fro • into a ( i ry test-tube or 

Put a saltspoonful of ammonium 1 flamc . The solid will 

ignition-tube and warm n ova a , , bc and a white deposit 
gradually disappear from the boUom of he t^ube ^ ^ is 

called a ‘sublimate’ will be formed par t of the tube 

caused by the vapour condensing »gf£ farth er up the tube .1 

The sublimate, or deposit, will be an 

it is heated. .. . c a l-arnmoniac in a test-tube 

Action of Alkalis. Warm < * jj mc . wat cr. Ammonia gas 

with an inch of waslung-soda solutio 

will bc given oil. mixture of two saltspoonfuls of 

Obtaining Hydrogen. Make a , of iron filings. Put the 

ammonium chloride with an =qual s w iU be given off 

mixture into a dry tube and h * is put t o the mouth o 

as well as ammonia. If a 1*8 ltc , : t u a sharp ‘ pop.* 
thc tube the hydrogen will explode with a sn< p 
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White Sand from Yellow Sand. Mix together equal amounts 
of clean, ordinary sand and sal-ammoniac. Put the mixture into a 
small metal screw-cap and heat it strongly, holding the cap in a 
pair of pliers or pincers. The sal-ammoniac will come off as white 
fumes and carry with it the impurities (chiefly iron compounds) 
which make the sand yellow. This action has been used commercially 
to purify sand for glass manufacture. 

Crystallizing Sal-ammoniac. When sal-ammoniac is crystal¬ 
lized from solution it forms beautiful crystals of a feathery or fern-like 
pattern. 

Make a strong solution of ammonium chloride by warming half 
an inch of the chemical with an inch of water in a test-tube. Use 
the solution to write your name on a small mirror or piece of clean 
glass with a small paint-brush. When the water has evaporated 
the writing will stand out boldly in crystals which resemble ice. 
You can see the fern-like pattern with the naked eye but the beauty 
of the crystals can only be observed properly by means of a magni¬ 
fying glass. Ammonium chloride solution is sometimes used for 
writing advertisements on shop windows. 

Ammonium Sulphate 

Common Name: sulphate of ammonia. Chemical Formula: (NH 4 ) 2 S 0 4 . 

This is a white crystalline substance which is very soluble in water. 
If the chemical is pure the solution is neutral to litmus. If your 
father is a keen gardener you will probably And that he has some 
ammonium sulphate in his stock of fertilizers. It is a valuable 
fertilizer for plants on account of the nitrogen which it contains. 

Ammonium sulphate is a salt and has the property of combining 
with certain other salts. The products arc known as ‘double salts’ 
and are interesting because of the beautiful shapes and colours of 
the crystals which they readily form. Ammonium sulphate combines 
with ferrous sulphate to give ferrous ammonium sulphate, with 
copper sulphate to give copper ammonium sulphate, and with 
aluminium sulphate to give ammonia alum. 

Preparing Crystals of Ferrous Ammonium Sulphate. Put 
half an inch of ammonium sulphate crystals into a test-tube and 
add half an inch of water. Dissolve the crystals by shaking the tube. 
Into another test-tube put an inch of ferrous sulphate crystals and 
an inch of cold water. Dissolve these crystals also. Pour both 
solutions into an evaporating-dish and leave the dish overnight in 
the bottom of the airing-cupboard. Green crystals of ferrous ammo¬ 
nium sulphate, FcS 0 4 . (NH 4 ) 2 S 0 4 .6HX>, will be deposited at the 
bottom of the dish. 

ferrous ammonium sulphate forms flat, square crystals (see 
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double salt is prepared in a simi ferrous sulphate, 

sulphate, copper sulphate being s^stnuted The 

Slightly more water is required t blue col ^ r . Their shape is 

SS’ifp" . .. “ C.SO„ (NHJ.SO,. 

6H £p.™ e c.»...r „ f " S’srr 

about five times as much aluminiun ^ f an inc h of ammonium 
nium sulphate. Use about a qu . two substances separately 

sulphate crystals in a test-tube. Dissolve the t^o Mix 

using a quantity of water about equal m that of th ^ solution 

the solutions in an evaporating . nosited w ill be diamond- 

to evaporate. The colourless crystals deposited formula> 

shaped like those of potash alum (p- 54)- that of potash alum 

(NH.USO. . Alj(SO,)j 

Obtaining Ammonia Gas. d solution or lime-water 

sulphate with about an inch of was 1 6" bc recog¬ 

in a test-tube. Ammonia will be given off. Phe ga 
nized by its smell and by the turning blue of red P P 

Baking-soda 
(Bicarbonate of soda) 

See Sodium Bicarbonate. 

Bleaching Powder 

common*™: chloride of lime. 0^1 Indicates,"i is 
This is a greyish-white P°«' dcr > £ n t J rning them white. It is also 
used for bleaching materials th , tbe p0 wder is mixed 

used for disinfecting sinks and dral . I ( ! s ' .. -j ; filtered the filtrate 
with water part of it dissolves and if the hqu^ action . 

is found to have a powerful bleaching an bleaching 

Effect of exposing to Am ^ caused by 

powder. You will notice a ^M^m^he DOwderTy the action of 
chlorine gas which is generated f ^ ^ Utmus paper, 

carbon dioxide present in the ai . P ^ ^ blcachcd b y the 

red and blue, over the powder. Th p p 

fumes of chlorine. c * r bleaching pow- 

Obtaining Chlorine Gas. Put a sa tspoo soludon (vinegar, 

der into a test-tube and add a few drops o y jy read ily. Test 

alum, citric acid, etc.). Chlorine gas will be given ofi 
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the gas with wet litmus paper. Hold a piece of white paper behind 
the tube and note the green colour of the chlorine in the tube. 

Bleaching with Bleaching Powder. Put one drop of ink into 
half a test-tubeful of water to make a blue solution. Add one salt- 
spoonful of bleaching powder. The blue colour of the liquid will 

vanish. 

You can make an ink-eraser from bleaching powder as follows. 
Put a saltspoonful of the powder into an egg-cupful of cold water 
and leave it for quarter of an hour. Then pour off the liquid, and 
with a small brush paint it over the writing which you wish to erase. 
When the writing has disappeared wash the brush and paint some 
citric or tartaric acid solution over the place. This will prevent 
damage to the paper by excess of the bleaching liquid. 

Put a few strips of cloth of diff erent colours into a jam-jar half full 
of water. Add a couple of teaspoonfuls of bleaching powder and 
stir. Leave the cloth in the liquid for a few hours and find which of 
the samples have been bleached. 

Oxygen from Bleaching Powder. There are several ways of 
producing oxygen from this chemical. Some of them make use of 
‘catalysts.’ These are substances which help chemical actions to take 
place but arc not changed themselves when the actions are over. In 
each case test the oxygen given off by a glowing wood spill, which 
should relight. 

(i) Warm half an inch of bleaching powder in a dry tube over a 
small flame. 

(ii) Put half an inch of bleaching powder into a test-tube and add 
about an inch of cobalt chloride solution. The liquid will turn black. 
When the tube is warmed oxygen will be given off in abundance. 

(iii) Take two test-tubes and add to each half an inch of bleaching 
powder and about an inch of water. Warm each tube gently for 
Half a minute. No oxygen will be given ofT. Now add to the first 
tube a few drops of copper sulphate solution and to the second tube 
a few drops of ferrous sulphate solution. There will be a little effer¬ 
vescence in each case, but not enough oxygen will be given off to 
relight the glowing spill. Finally pour the contents of one tube into 
the other tube. Oxygen will now be given ofT in large quantities, 
and the glowing spill will easily relight. Evidently in this case two 
catalysts are better than one. 

Boracic Acid 

Chemical Name: boric acid. Chemical Formula: H 3 BO s . 

Boracic acid may be in the form of a white powder or white silky 
crystals. The substance is only slightly soluble in cold water but is 
fairly soluble in hot water. The solution is a very weak acid and 
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scarcely afto blue litmus paper. Boracic arid is eemmonly used 

“ p...« -< 

ated spirit into an evaporating-dish or okan tin-lid m a saucer. 

a saltspoonful of boracic ^^ifone 

spirit. A bright green flame wdl result The te it 

or two drops of glycerine are added and the mixture 

is burning. . u ti amP Test. Boracic acid is 

Tf s^or .He Stance is — 

“oE adS a -ran d tatt 0 ove r an a 

inch of water. Hold the tube in a paper Then continue the 

small flame until the solution begins ° ' - , Bunsen burner 

boiling with a candle flame and toldUheflame=of .he Bunse^ bu 

in the steam which is coming from the tu ) . 

immediately turn green. turmeric paper is moistened 

Effect on Turmeric Paper. When a turmeric pp^ 

•** a ; c “ nia or 

W ^laJring^Boracic n Acid C< CrystolsTfrom Borax. For this you 

require strong solutions of borax and of : S0 ^^^ 0 ' scp ^c 
Put about an inch of each of the above ^ermcal^inm 

test-tubes and dissolve them by warmin 0 When the 

water. Cool the tubes by holding them un er other tube 

tubes are cold pour the solution frorn one u unvcr G f sparkling 

and hold the mixture up to the light. A eau u miniature 

crystals will be seen falling through the liquid like a mima 

snowstorm. , d 0 fi- an d tested 

When the crystals have settled they end of a match or 

to show that they consist of boracic acid. , ■ : nto a flame, 

wood spill, dip it into the crystals, and then mtroduce it ...to a 

The flame will turn green. 

Calcium Carbonate 

Common Forms: chalk, limestone, marble, coral, egg-shells, sea 

shells. Chemical Formula: CaC 0 3 . different forms, as 

Calcium carbonate is found in a number of differen^ ^ 

given above. These look difleicnt because > boUom of the se a 

different ways. Thus chalk was first /°™ blc was forme d inside the 
from the shells of tiny sea-creatures, m , ra i : s t hc bony 

earth where heat and pressure made it very hard coral is die Y. 

skeleton of an organism living in warm tropi 
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their different appearance, all these substances consist of the same 
chemical and their chemical actions are therefore similar. Black¬ 
board ‘chalk’ is not real chalk; it is made of calcium sulphate 

(see p. 65). 

Calcium carbonate is insoluble in pure water, although a little can 
dissolve if the water already contains dissolved carbon dioxide. This 
is important because it has the effect of making the water ‘hard’ 
(p. 128). 

Action of Heat on Calcium Carbonate. Very strong heat is 
required to decompose any of the forms of this chemical. Heat about 

an inch of chalk at first 
gently and then strongly 
in a hard-glass tube, 
using a paper holder for 
the tube. If, when the 
end of the tube is red- 
hot, you apply the lime- 
water test (p. 43) you will 
probably get sufficient 
carbon dioxide to turn 
the lime-water milky. 

Action of Acids. 
The easiest way to obtain 
carbon dioxide from 



Fio. 23. Apparatus to investigate the 
Action of Acids on Chalk, 
Egg-shells, etc. 


calcium carbonate is to 
treat it with an acid, 
but some acid solutions 


(sulphuric acid, sodium bisulphate, alum) are not suitable to use 
because the action quickly stops. Vinegar, citric acid, or tartaric 
acid can be used. 


A good apparatus for investigating the action with different forms 
of calcium carbonate is shown in Fig. 23. 

Put a layer of chalk or pieces of marble, coral, egg-shells, or sea- 
shells in a large medicine bottle. Fit the latter with a cork and a 
right-angled piece of glass tubing which is attached by rubber tubing 
to a tube dipping into some lime-water. When you have fitted up 
the apparatus pour enough of the acid solution into the bottle to 
cover the solid material. Replace the cork. The length of time 
taken for the lime-water to turn milky depends on which form of 
calcium carbonate you have used and on the strength of the 
acid. 


When the action is over pour off the liquid remaining in the bottle 
into a beaker and add to it a strong solution of washing-soda. A 
white precipitate of chalk will be formed. 




I ks i in<. i in l i t <>i<» i 
l II ( ill! MK.AI N 
*<«' P. I \H, 
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Calcium Hydroxide 

S ‘ C LimC ' Calcium Sulphate 

Common Forms: blackboard ‘chalk,’ CaSO,, and plaster of Pans 

can be bought at a decolor’, sltop^ It » awhlte 

or slightly pink powder used in decorati 0 , has the pecu- 

Lbs? and for making plaster casts and ornaments^ I« h» top™ ^ 

liar property when mixed with water of sett b. » S 
few minutes. It is a very useful substattce to ha^m > 

-rd when 

you wish to use it. , manufactured by 

Both plaster of Paris and '‘'^^“^aldum sulphate called gyp- 

heating a naturally-occurring foim , • use d j n the two 

sum, CaS 0 4 .*H 2 0 , different Coloured 

cases. Blackboard chalk is anh> ro ^ s . . lhc w hite material, 
chalks are made by mixing va !. ,0 “* J^ is not Real Chalk. Add 
Showing that Blackboard blackboard chalk in a 

some vinegar or citric acid solution to a . j t no carbon 

test-tube. There will be no effervescence .showing that^ ^ ^ 

dioxide is produced (a few bubb es u . ^ ne gative result, 

chalk may be seen). A lime-water test \w . s lphate . Shake 
Showing the Slight Solubility of Calc.um S ^P“ a * aboul 
a little plaster of Paris or powdered the 

two-thirds of a test-tubeful of water or • filter-papers folded 

milky liquid into another test-tube t iroug^ ^ lhrough a single 
together (as the powder is vciy hne it I 

filter-paper). The filtrate should be quite c 1 ‘ evaporate to 

Pour half the liquid into an evaporating i. ' ^ y P. y smaU 

dryness on a gauze and tripod over a sit c ilcium sulphate 

white residue will be left in the dish, showing that calciui , 

dissolves slightly in water. ... „ .. f cw drops of 

Test the other half of the solution by "Xlf a test- 

soap solution made by dissolving a p w jU collect on 

tubeful of water. When the mixture is s ia between the soap 

the water. The scum is formed by chemical^cUon ^. onc £ 
and the calcium sulphate in solution. Calciu P was hing 

the chemicals which make water ‘ hard and waste soap 

(p. 128). . i{3 water of 

1 A substance is described as ‘anhydrous when 
crystallization. 

C 
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Making a Plaster Cast of a Medal. When you are using 
plaster of Paris to make casts you will find it more convenient to 
use cold tea rather than water to harden the plaster. W ith water 
setting occurs in a few minutes; with cold tea (the liquid left in the 
tea-pot after a meal will do) setting does not take place for about 
half an hour or even longer. This gives you more time in which 

to work. . 

Put two tablespoonfuls of plaster of Paris into a small basin or 

saucer. Add cold tea to the powder, a few drops at a time from a 
test-tube, and stir until the mixture is like a thick dough or paste. 
Transfer the mixture to a tin-lid and press it fiat with the back of a 
spoon. Press a medal into the surface until the top of the medal is 

level with the plaster. Leave it for 
an hour. At the end of that time 
the plaster should have set. Re¬ 
move the medal by lifting it on one 
side with the point of a sharp 
knife. You will find a faithful copy 
of the lower side of the medal in 
the plaster. The details of the cast 
will be shown up clearly if you 
rub a little powdered carbon or 
graphite from a lead pencil over 
the inside. 

The ability of plaster of Paris to 
reproduce fine details in the shape of an object is due to the expan¬ 
sion which it undergoes in setting. This results in the paste being 
pushed into all the corners and tiny crevices of the object. 

When wet plaster of Paris is ieft too long in a basin or saucer it sets 
and is very difficult to remove. This difficulty can be overcome by 
soaking the hardened plaster fo* a while in vinegar. It can then be 
scraped out easily with a knife. 

Making a Copy of a Medal in Lead. The plaster cast which 
you have made can be used as a mould for making a lead copy of 
the medal. Some lead can be easily obtained from an old tooth¬ 
paste tube or lead solder can be used. 

It is important to dry the mould thoroughly before using it. This can be 
done by leaving it for 24 hours in a warm airing-cupboard. If this 
precaution is not taken and molten lead is poured into the damp 
mould, the metal will ‘spit’ and perhaps burn you badly. 

Clean the lead, cut it into small pieces, and put the pieces into an 
old tablespoon. Hold the spoon in a duster and melt the lead over a 
Bunsen flame. Pour the molten metal quickly into the mould, and 
while it is solidifying press it down with the back of the spoon. When 



Fig. 24. Pouring Melted Lead 
into a Plaster Mould 
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the metal is cold, lift it by pushing the point U " der th< = 

rim. You will now have a copy of one side of the medal. 

Carbon 

Co^onForns: charcoal, soot, graphite or b.acklead, diamond, 

element and £inter^ting^for ft. wide 

usetl for making 
A power of absorb- 

^hit^ P =p. re d most'Ltab,e hind to 

in a crucible or tin (without a 1 ) an stron g ly over a Bunsen 

- " l - 

The purpose of the sand or salt is to exc u1 e: ai . d at , 4? . 

Another method of preparing w^c^ c a lump of charcoal 

Is Charcoal heavier th- Water? ^ ^ copper wire 

into some water. It will lloat. r , weighted 

round the lump or tie a stone to .t to make .t smk. Put the g 

lump into a beaker or small P an ^X‘ oal cool lt^under the tap, 

water for ten minutes. Rcm °^ C it The charcoal will now 
and take away the weight attached to 

sink in water. . . , ic „„ii v floats because 

Charcoal is really heavier thar XrT’the charcoalis boiled in the 
of the air trapped in its pores. . „ n j )e usc d in place 

water the air is removed. A small piece of coke can be used P 

of charcoal in this experiment. coloured water 

Removing Colour with Charcoal. 

by adding to an inch of water m a^ ea colour musl not 

or gravy browning, or a little be oowdered charcoal 

be mo strong. Add two or three teaspoonfuls [ °f P°wdered c, ^ ^ 

made by crushing a lu mp. Sw; the ^ beaker to cool 

ten minutes on a gauze and p filtrate will be quite 

and then filter a little of the contents. The filtrate 

CO Absorbing Gases with Charcoal. Ammonia and chlorine are 

the best gases to use for this experiment. tin-lid, bold the 

Put about a dozen small pieces o c ar charcoal by holding 

lid in a pair of pliers or pincers, and warm the charcoal by 
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the lid an inch or two above a small flame. This will drive off any 
gases contained in the charcoal. Allow the lid to cool. 

Add one or two drops of strong ammonia solution to a test-tube 
and empty the liquid out again. The tube will still smell strongly of 
ammonia gas. Put half a dozen pieces of the warmed charcoal into 
the tube, place your thumb over the end, and shake the tube for 
about a minute. The smell of the ammonia will have disappeared. 

To prove that the ammonia gas has been absorbed by the charcoal 
empty out the pieces of charcoal on to a piece of filter-paper or 
blotting-paper and dry them if necessary. Then put them into a dry 
test-tube and place a piece of damp red litmus paper in the mouth 
of the tube. Warm the tube. The litmus paper will turn blue, and 
it will be possible to smell the ammonia at the end of the tube. 

The experiment can be repeated with chlorine gas. Some of the 
latter can be made by putting a saltspoonful of bleaching powder 
or a drop of bleaching fluid into a test-tube and adding a saltspoonful 
of citric acid and a drop of water. In this case the chlorine given off 
from the charcoal in the final stage of the experiment will bleach 
the damp litmus paper. 

Obtaining Metals from Metal Oxides with Carbon. Carbon 
will take the oxygen from a number of metal oxides and leave the 
metals. Substances which do this are called ‘ reducing agents.’ \ ou 
can illustrate this property of carbon by using charcoal to make 
copper from copper oxide or lead from either litharge or red lead, 
both of which are oxides of lead. 

On a piece of paper mix a saltspoonful of copper oxide, litharge, 
or red lead with about five saltspoonfuls of powdered charcoal. Put 
the mixture into a small metal screw-cap from a bottle (remove the 
cork or paper lining from the cap first). Cover the mixture with 
more charcoal to exclude air. Hold the cap in a pair of pliers or 
pincers and heat it strongly for five minutes over a Bunsen flame. 
Then allow the cap to cool on an asbestos pad or wire gauze. When 
the cap is cool wash it out by letting water drip into it from the tap. 
You wil nd some small red particles of copper or beads of lead left 
at the 1 torn of the cap. If the lead is scraped with a penknife the 
shiny si .hce of the metal will show up clearly. 

Another method of using charcoal as a reducing agent is described 
at p. 123. 

Caustic Soda 

See Sodium Hydroxide. 

Chloride oj Lime 


See Bleaching Powder. 
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Chrome Alum 

Chemical Name : potassium chromium sulphate. Chemical Formula : 

K cS-om C e r alum h sl^larfn many ways to the common potash alum 
(D ^ Itis made by mixing together solutions of potassium su - 
pham and chromium sulphate and crystallizmg out. Deep vto et- 

black crystals are formed. The crysta s are read.ly sol ^ le ""Yum 
giving an acid solution which turns blue lnmus red. Chrome alum 

U C^staS C^orT^um!"dutiful violet crystals of this 

subsmnce can be grown from a saturated solution o^a^ptece of 

weighted cotton, as described for potash alum (p. 55 )_ y . 

obtained are diamond-shaped like those ° P° “ ‘ chapter VII 

ing of a large crystal of chrome alum is described in Chapter 

(S Chan E e of Colour of Chrome Alum. Boil a dilute solution of 
thfchemical in a test-tube. The colour, which is at first v.oltt w. 
turn green. If the solution is allowed to cool and stand for a short 

‘‘"AcrionofWashi^gWa^Add a little washing-soda solution to 
a solution *of chrome flum in a test-tube. A light ^engelaunous 
precipitate will be formed. Now add a few drops > h 
peroxide to the tube and boil the contents. A '°' v ^“° f n fi “ er . 
to the formation of sodium chromate will result. Uap^xolM^ 
paper wetted with the yellow solution is put into a jar contain! g 

sulphur dioxide gas (p. 175) lhc paper will turn green 

Action of Ammonia. Add dilute ammonia to a solution o 
chrame alum. A light green precipitate of chrommm hydroxide W.U 
be thrown down. This precipitate like aluminium ” 

great attraction for dyes and is used as a mordant to make dyes 

to a cloth (p. 139). 

Cohalt Chloride 

Chemical Formula: CoCl 2 • 6 H z O. -ii u e 

This is rather an expensive chemicalbut half ™ oun 

sufficient to carry out the experiments described. Cobalt c lor d 
consists of red crystals which are very ‘deliquescent -that^is^th^ 

absorb moisture from the air and form a solution. Y . • jj 

therefore be kept in a tightly stoppered bottle. 1 he solution a »d,c. 

solution to fall on a piece or filter-paper or white blotung-paperi 

Warm the paper in front of the fire or by ho ,n B 1 a 3 brilliant 
flame. As the moisture evaporates the paper will turn a brilliant 

blue colour. 
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The change of colour is caused by the driving off of the water of 
crystallization from the substance. The remaining anhydrous cobalt 
chloride is blue. The red colour is restored after a short time owing 

to moisture being absorbed from the air. 

A Chemical Weather Indicator. Make a fairly strong solution 
of cobalt chloride by dissolving a saltspoonful of the crystals in half 
an inch of water in a test-tube. Paint a strip of plain white paper 
with the solution and allow it to dry. Pin the paper to a board and 
place the board outside in fine weather where sunlight will fall 
directly on the paper. If the weather is warm and sunny the paper 
will turn blue. It will become red again when rain is expected. 

Action of Ammonia. Add a little dilute ammonia to some 
cobalt chloride solution in a test-tube. A greenish-blue precipitate 
will be formed. If more ammonia is added the precipitate will 

dissolve and produce a green liquid. 

Action of Lime-water. Add some lime-water to cobalt chloride 
solution. A light blue precipitate will be formed which will turn 
bright green if the test-tube is heated. 

Action of Sodium Carbonate. Add a little washing-soda solu¬ 
tion to cobalt chloride solution. A rose-pink precipitate will be 
thrown down. Heating the test-tube will cause the precipitate to 
turn violet. 

Cobalt chloride gives a blue borax bead (p. 120). It is also used 
for testing chemicals for the presence of aluminium (p. 57), mag¬ 
nesium (p. 85), and zinc (p. 101). 

Copper 

Chemical Symbol: Cu. 

Copper is a metallic clement and is largely used in everyday life 
for conducting a current of electricity. It is also used in making 
alloys, such as brass (copper and zinc), bronze (copper and tin), and 
‘copper’ coins. 

Oxidizing a Copper Coin . 1 Hold a copper coin by the edge in 
a pair of pliers and heat it at the tip of a hot flame. The surface of 
the coin will turn black, because the copper in the coin combines 
with oxygen in the air to form black copper oxide, or cupric oxide, 
CuO. After two or three minutes’ heating allow the coin to cool and 
then scratch it with the point of a penknife. Below the black layer 
will be found a red layer which consists of another oxide of copper 
called cuprous oxide, Cu 2 0 . Underneath this again will be found 
unchanged copper. 

1 It is illegal to use the King’s coinage for any purpose except that of currency. 
If you want to be on the right side of the law you will have to use a foreign coin 
in this experiment. 
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Place the blackened coin in a beaker and warm it with a little 

copper sulphate or copper nitrate w.ll be/^ become black with 
a J became copper combines with oxygen and hydrogen sulph.de 

wmmmszsm 

oxide but not the copper sulph.de. eX nerient can also be 

Obtaining Copper from Brass. This p 

carried out with a small copper coin. - n a test _ 

jsstsssz —*-r„sr 

nitrate will be formed. c and then pour 

Allow the action to proceed for about five m . de int o the 

SLST A %£ o^o P ^ZL -d on^he blade^o 

the edge of a dame. A bright green colour w.ll be .mparted 
flame. This has a beautiful appearance in the dark. 

Copper Oxide 

Chemical Name : cupric oxide. Chemical Formula a 

Cupric oxide, the more common of the when 

black powder. It is insoluble in water, >u oxide to copper 

warmed with an acid. Methods of reducing copp« o^dc i PP 

arc described at pp. 68 and 123. Another method of carrying 

experiment is as now described. together a salt- 

Obtaining Copper from Copper Oxide. Mix togetn 

spoonful of copper oxide, one of sodium bicarbona c ( P . 

washing-soda), and two of sugar. Put * £ ^ turc 

into a small metal screw-cap or on to a tin-lid. Heat f 

over a medium Bunsen flame. The mixture will sucll up 

a copper-coloured mass. _ lid to 

To obtain the copper from the mass allow the s ^ - P ^ - nto 

cool and powder the copper-coloured residue. ... f sulp huric 

a test-tube and warm it for a few minutes with a hit It - d l * J or thc 

acid or sodium bisulphate solution. our a%vay ottom of the 

tube except for thc small amount of solid left at the 
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tube. This solid will be found to consist of small particles of metallic 

^Making Copper Sulphate Crystals from Copper Oxide. 

When black copper oxide is warmed with dilute sulphuric acid it 

is converted into a blue solution of copper sulphate. 

Half fill a test-tube with dilute sulphuric acid. Holding the tube 
in a paper holder, warm it over a small flame until the liquid nearly 
begins to boil. Then add a pinch of copper oxide from a saltspoon 
to the tube. The black powder will dissolve. Warm the tube again 
and add a further pinch of copper oxide. This also will dissolve. 
Continue the adding of small amounts of copper oxide and warming 
until a black sediment of copper oxide stays at the bottom of the 
tube, even after warming for a minute or two. 

Filter the blue solution into an evaporating-dish and leave it to 
evaporate in the bottom of the airing-cupboard. Blue crystals of 
copper sulphate will be deposited in a few hours on the bottom of 

the dish. 

Copper Sulphate 

Common Names: blue vitriol, blue stone. Chemical Formula: 
CuS 0 4 .5H0O. 

This well-known chemical consists of blue crystals, which dissolve 
easily in water to form an acid solution. The crystals contain water 
of crystallization, which is given off as steam when the crystals arc 
heated. The white product (anhydrous copper sulphate) is used to 
test chemically for water (p. 46). Copper sulphate is poisonous and 
should not be put into vessels used in the household. 

A Yellow Invisible Ink. To a test-tube nearly full of water add 
a saltspoonful of powdered copper sulphate and a saltspoonful of 
ammonium chloride. Dissolve the substances by putting your thumb 
over the end of the tube and turning the tube upside down a few 
times. Write on a piece of paper with the faintly blue solution, using 
a small paint-brush for the purpose. When the writing has dried 
it will be invisible. By warming the paper in front of the fire or over 
a small flame the writing can be made to appear in yellow letters. 

The Insolubility of Copper Sulphate in Methylated Spirit. 
Make a strong solution of copper sulphate by warming half an inch 
of the powdered substance with about an inch and a half of water in 
a test-tube. When the powder has dissolved cool the tube under the 
tap. Pour into the tube a few drops of methylated spirit. A shower 
of very small crystals of copper sulphate will be thrown down in the 
tulx,* because copper sulphate is insoluble in methylated spirit. 

Obtaining Copper from Copper Sulphate. Shake up a 
salt-spoonful of iron filings with an inch of blue vitriol solution in a 
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test-tube for a few minutes. The colour of the solution will fade, and 
if the shaking is continued long enough, will d.sappcan Filter 
contents of the tube. A reddish-brown powder will be left in 
filter-paper. The chemical action is as follows. 

Copper sulphate + iron copper + iron (ferrous) sulphate. 

The reddish-brown powder is not pure copper, as excess of iron filings 
He been used in the experiment; it is a mixture of copper and 

excess iron filings coated with copper. , , Obtain a 

Instead of iron filings zinc (p. ioo) or lead can • 

strip of lead from an old tooth-paste tube. After 

rub it with sandpaper and then immerse it m a U.tle ^ isTow 

sulphate solution. The heat is necessary cau ‘ 

in the cold. A film of copper will be deposited on the lead1 

Making Green Copper Carbonate and Black Copper 0»de. 

To an inch of copper sulphate solution in a test-tu , 

Imount o? washing-soda” solution. A bluish-green precipuate of 
copper carbonate will be formed. The action, a double decompo 
tion, can be represented as follows: 

Copper sulphate + sodium carbonate - “PP^Xm"^- 

Filter the precipitate, and with a spill 'll 

lid Hold the lid in a pair of pliers and warm it gently over a sm 

flame. The green colour will change to black, owing to the forma .o. 

of black copper oxide (cupric oxl ^ c )_ c Oxide. Add a 

Using Golden Syrup to make Red Copper w , luc 

little sodium hydroxide (caustic soda) solution o hydroxide 

vitriol solution A blue jelly-like precipitate of copper M«*|de 
will be formed. Stir a little syrup on the end of a spoon 

warm water until the syrup has dissolved. c a w inn the tube 

solution to the copper hydroxide in the test- u jc. 

gently. Soon a yellow precipitate will be formed in the tube. J 

is cuprous oxide, Cu 2 0, appearing in a yellow form. 

colour will change to orange. At this stage 1 tci o' it NV jn 

When the cuprous oxide is left for a tunc me 

turn red, its usual colour. elution 

Instead of golden syrup in this experiment you can use a solution 

of black treacle, or the sweet sold as barley-sugar I hcse 

materials contain glucose, a form of sugar necessary for the exper^ 

ment. In Chemistry this chemical action is often use « icccs 

glucose. You can try the test on an apple. Warm a fc j n thc 

of the apple with water, and, after filtering the hquic , 

same way as described for the syrup solution. 
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The Action of Ammonia. Put half an inch of blue vitriol 
solution into a test-tube and add dilute ammonia solution to the 
tube drop by drop. After adding each drop shake the tube. At first 
a light blue precipitate will be formed, but as more ammonia is 
added the precipitate will dissolve giving a deep royal blue solution. 
The colour is caused by the formation of a compound called 
cuprammonium sulphate. 

To obtain the compound in solid form add a little methylated 
spirit to the tube. A violet-blue precipitate will be formed. If the 
precipitate is filtered it gives an excellent flame test for copper when 
introduced into a flame on the end of a wet spill or match. 

The crystallization of copper sulphate is described at p. 38, and 
the growing of a large crystal of this substance at p. 163* A photo¬ 
graph of a large crystal is shown in Plate 5. 

Epsom Salts 

See Magnesium Sulphate. 

Ferric Chloride 

Chemical Formula: FeCl 3 . 

A solution of this chemical is usually kept in stock at the chemist’s 
shop. Like alum, it is used for stopping bleeding from small cuts. 
If you take a small bottle to the shop you can get it filled with the 
brown solution for a copper or two. The solution can be used for 
carrying out most of the experiments described under Iron Alum. 

Ferrous Sulphate 

Common Names: green vitriol, iron sulphate. Chemical Formula: 
FcS0 4 .7H0O. 

Ferrous sulphate consists of green crystals, which dissolve in water 
to form a neutral solution. If the crystals are exposed to air they 
soon begin to turn brown. This is because the oxygen of the air 
converts ferrous sulphate into a brown sulphate of iron called ferric 
sulphate. To keep the crystals, therefore, they should be stored in a 
bottle with a tightly fitting stopper. The same change from green 
ferrous sulphate to brown ferric sulphate also occurs when a solution 
of the crystals is heated. For doing experiments you should make a 
solution by shaking the powdered crystals with cold water. Green 
vitriol is used in industry' to make ink. 

An Invisible Ink. Using a wood spill, write on a sheet of plain 
paper with green vitriol solution. Allow the paper to dry and then 
warm it by holding it in front of a fire or over a flame. The writing 
will appear yellow or brown. 

Action of Sodium Carbonate. Add a little washing-soda solu¬ 
tion to some ferrous sulphate solution. A green precipitate of ferrous 
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carbonate will be formed according to the following action: 

Ferrous sulphate + sodium carbonate - + 

will quickly turn brown, because oxygen from the air turns 

fCI o'*ldizi£g Ferrous Sulphate to Ferric Sulphate. This change 
can be brought about by heating ferrous sulphate solution with a 
substanc^rich in oxygen" Such a substance is hytogen peroxide 
Boil an inch of ferrous sulphate solution in a " 

drops of hydrogen peroxide. The green colour '- chan^ “ ^ 
or brown. Cool the tube under the tap and test the hquid lnow 
ferric sulphate solution) by adding a little dilute ”n.a 

A brown precipitate of ferric hydroxide will be f 0 ™™ . 

Making Sulphuric Acid from Green Vitriol. Sulphuric. acid 

was at on! time manufactured by heating green vitriol crystals. 

was therefore called ‘ oil of 
vitriol,’ a name which is still 
used for it to-day. The prepara¬ 
tion of sulphuric acid by this 
method can be carried out with 
a hard-glass or Pyrex test-tube. 

The strong heat required will 
melt an ordinary test-tube. 

Put an inch of powdered Fic 25 Apparatus used for 
ferrous sulphate crystals into the making Sulphuric Acid 

hard-class tube. Fit the latter , p , r i-,cc 

with a cork through which passes a right-angled piece of gla s 

tubing. The other end of the tubing should dip-a. *■ 

is desirable to clamp the hard-glass tube loosely in a stand. 1 lie 

home-made stand described at p. 115 is suilab c or P . j 
no stand is available, however, it is a good idea to ge a friend to 
hold the tube in a paper holder while you attend to' the heating. 
In any case, the tube must be kept sloping ownwa t j ic 

the experiment. If this is not done moisture will c °^ c ™ . ck 
cooler part of the tube, run back on to the hot glass, and crack 

‘“"gently at first, moving the flame .^-t and^ien more 

strongly. Water of crystallization will be given o * With 

substance will change to white anhydrous ferrous su p 
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stronger heat this will begin to decompose. A thick white vapour 
will appear, and will condense in the test-tube as a colourless liquid. 
When no more vapour is produced, allow the apparatus to cool. 

The liquid collected in the test-tube is a weak solution of sulphuric 
acid. It can be tested by means of blue litmus paper and a crystal 
of washing-soda (carbon dioxide gas will be given off). The red 
substance left in the hard-glass tube is red iron oxide. It is also 
called jeweller’s rouge, because jewellers use it for polishing gold and 
silver. 

Home-made Ink. Black ink is made from ferrous sulphate and 
oak-galls, the round nut-like growths found on the branches of oak- 
trees, from which they can be collected in autumn. Crush or cut up 
one or two galls and boil the pieces with a little water in a beaker or 
small pan. The water will extract a chemical called tannic acid 
from the oak-galls. Strain off or filter the solution of tannic acid. 

Make a fairly strong solution of ferrous sulphate in cold water and 
mix it with an equal amount of the cold oak-gall solution. This 
forms ferrous tannate in the liquid. Write on paper with the liquid. 
The writing will show little colour, but when left for a day or two 
will turn quite black. This is because the ferrous tannate on exposure 
to air turns into ferric tannate, which is black. 

Ordinary blue-black ink contains a blue dye in addition to the 
ferrous tannate. The dye acts as temporary colouring matter until 
the black colour of the ferric tannate develops. You can make 
blue-black ink by adding to the ink prepared as above a solution of 
logwood or methylene blue, two common dyes. If methylene blue 
is used, however, the ink should be stored in a dark cupboard, 
because light will make the colour fade. 

Note. You can use ferrous sulphate to do most of the experiments 
described under Iron Alum, providing that the ferrous sulphate 
solution is first oxidized to ferric sulphate by boiling it with a few 
drops of hydrogen peroxide as described previously. 

Glauber'’s Salt 

See Sodium Sulphate. 


See Ferrous Sulphate. 


Green Vitriol 


Hydrogen Peroxide ■ 

Common Name: peroxide (of hydrogen). Chemical Formula: H 2 0 2 . 
Hydrogen peroxide is sold as a colourless solution for disinfecting 
and for bleaching hair, silk, and wool. Its chief property is that it 


EXPERIMENTS WITH COMMON CHEMICALS 77 

readily parts with one of its two oxygen atoms and turns into water 
(H 2 0 ). It is this oxygen which is responsible for the disinfecting 

bleaching acUonSof ^ solutions usually sold are merited as^ ‘ 10 

volume,’ ‘ 20 vo.™,- These ^ 
oxygen given by i c.c. 01 tne liquia. i iiu 

. cl of the solution will yield 20 c.c. of oxygen. If possible^buy a 
small bottle of ‘20 volume’ solution It is usually kept in dark 
glass bottles, because light hastens the decomposition into water an 

^Bleaching Action. Put a piece of red or blue litmus-paper and 
a strand of dark-coloured hair into a test-tube and shake a few drops 
of hydrogen peroxide in the tube. Both the paper and hair Mill be 

“opposition by Heat. Warm a few drops of hydrogen per¬ 
oxide in a test-tube. When effervescence begins ^ ' 

wood spill into the tube. The spill will relight, showing that oxygen 

“ AffnttPdnf variation of this experiment is .0 investigate the 
effect on the rate at which hydrogen peroxide decomposes by h e 
addition of acid or alkali. Put an inch of hydrogen P ^ ” 
each of two test-tubes. To one add a few drops of a soluton fan 

alkali (sodium hydroxide, strong ammonia, etc.) and 
add a little acid solution (sulphuric acid, citric acid, etce). 
both tubes into a beaker or cup of hot water and after eaving them 
for a minute or so test both tubes for oxygen. You will find oxygen 
coming abundantly from the tube containing the alkal. but very 

little from the other. Alkalis speed up the giving off ™ 

acids slow it down. For this reason acid is often added to commerc.a 

hydrogen peroxide to help it to keep its oxygen. > i a 

We have seen previously (p. 6 a) that a substance: which^helps a 

chemical action without being changed itself is ca led acatalysU ^ 
substance which hinders instead of helping a c u.mi 
called a ‘negative’ catalyst. Thus we say that sulphuric acid s 
negative catalyst for the decomposition of hydrogen p 
Sodium hydroxide add ammonia are ‘positive catalysts. 

Blood and Other Catalysts. By using suitable cata y J^1, 

can be obtained from hydrogen peroxide without any heat f> 

Such catalysts include blood, manganese dioxide, h'rrou * * 

and copper sulphate. To obtain a small supp y o )0 

have to wait until somebody in the house cuts a finger, when a lew 

drops can be collected in an egg-cup before the injury »s boun up. 

Alternatively you may be able to obtain a litt e oo 

butcher. 
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Add the blood to about an inch of hydrogen peroxide in a test-tube 
and test for oxygen in the usual way. Compare the behaviour of 
manganese dioxide (from an old flashlight battery, p. 59 ) > ferrous 
sulphate, and copper sulphate as catalysts. 

‘ Hypo » 

See Sodium Thiosulphate. 

Iodine 

Chemical Symbol: I. 

Iodine is a non-metallic element. It is really a shiny, black, flaky 
solid, but is sold as a brown liquid called tincture of iodine for 

disinfecting cuts. The liquid is a 
solution containing iodine, potassium 
iodide, alcohol, and water. It is sold 
in two strengths, containing io per 
cent, and 2i per cent, of iodine 
respectively. For doing experiments 
the stronger solution, known to the 
chemist as ‘liquor iodii fortis,’ is 
preferable. 

Obtaining Solid Iodine from 
Tincture of Iodine. Leave half an 
inch of iodine solution in an egg-cup 
to evaporate. When only a few drops of liquid are left in the egg- 
cup transfer them to an evaporating-dish. Place the dish on a tripod 
and gauze and place a small saucer over the top, as shown in Fig. 26. 
Warm the dish over a small flame. The remaining liquid will quickly 
evaporate. Then the iodine will vaporize and become deposited as 
small shiny black crystals on the bottom of the saucer. 

Scrape as many of the crystals as you can from the bottom of the 
saucer into a dry egg-cup with a penknife. Transfer the crystals to 
a dry test-tube and warm the tube. The violet vapour of iodine will 
fill the tube, and shiny black crystals of solid iodine will be deposited 
again in the cooler part of the tube. Like ammonium chloride (p. 59) 
iodine does not melt when heated but sublimes. If you wish to keep 
the iodine crystals you must cork the tube or the iodine will evaporate 
and disappear. 

T akin g Finger-prints with Iodine. This is a suitable experi¬ 
ment to combine with the previous experiment. 

Press your fingers close together on a sheet of plain white paper. 
While you are vaporizing the iodine from the evaporating-dish in 
the previous experiment remove the saucer for a few seconds and 
place the sheet of paper with the finger-prints downward over the 



Fio. 26. Method of obtaining 
Iodine Crystals 
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dish. When the paper is removed the prints will show pearly 
on the white paper. This method of developing finger-prints —e.g., 
on cigarettes-is actually used by crime investigators 

Action with Starch. The well-known action of iodine uith 
boiled starch solution to give an intense blue colour was ^cnbed 
at D 4.2 The same substances can be used for making an invisible 
ink Write on a sheet of paper with a weak solution of boi ed starch 
and when the writing is dry develop it by brushing ^er the pape, 
a weak solution of iodine. The writing will stand out m bh^e-black 
lettering. The writing will disappear if the paper ,s warmed, but 

will return when the paper is cool. . • this with 

Decolorizing Iodine Solution. T he method of do mg this with 

sodium thiosulphate solution has already been described (p. 4. . 

Alkalis will also decolorize iodine. Try the effect of ^.ngale'V 

drops of sodium hydroxide, sodium carbonate, or ammonia solution 

to a little iodine solution. „nrlmner 

Writing on Iron. Rub the blade of a penknife with an p 

to clean the surface. Warm the blade and then s.rokeito.iboth 

sides with a small piece of candle or taper. When the: blade h 

cooled a thin coating of wax will be found to have adhered to the 

metal. Using a knitting-needle, write your initials in the wax^ Make 

sure that you write deeply enough, to reach the iromJoyerAe 

blade with iodine solution in a test-tube and ease on the 

When you remove the svax you will find your initials etched on the 
blade. 

Iron 

Iron is a metallic element. It is made into d.lTccn kmds_ot 

steel by mixing it (alloying) with caibon (mi S ', irn (stainless 
metals like manganese (armour-plating steel) or chromium (stainless 

St Making Green Vitriol Crystals front Iron Filings When 
iron is treated with dilute sulphuric acid hydrogen gas is given oil 
and a solution of ferrous sulphate (green vitriol) is lorme I. 

Warm half a test-tubeful of dilute sulphuric acid_ over a small 
flame, but do not boil the liquid. Remove the tu ->e ion 
and add a few iron filings on the end oi a pen ni c ( ^' S P 1 • . 
will be a vigorous effervescence due to the giving o ° V 
(test with a lighted spill). When the action dies down add a k 
more iron filings, and then a few more, until you lave a c'rf er _ 
two saltspoonfuls altogether. Put the tube on one si c un ^ 

vcscence has nearly ceased (about quarter of an hour). little 

the liquid into an evaporating-dish. Make sure t ia 
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acid is left, by testing with blue litmus paper. The presence of 
a little acid prevents the solution from oxidizing to brown ferric 

sulphate. 

To obtain large crystals of ferrous sulphate, leave the solution 
undisturbed for a day" or two to crystallize out. Small crystals can 
be obtained more quickly by evaporating the solution over a small 
llame until only about one-third of it remains. If a brown colour 
appears in the liquid during the evaporation add a drop or two of 
dilute sulphuric acid. After evaporation allow the remaining liquid 
to cool. A large number of small crystals of ferrous sulphate will be 
deposited. The true shape of a ferrous sulphate crystal is shown in 

Plate 5. 

Heat Treatment of Steel (a new use for old razor-blades). The 
properties of steel—whether it is hard, tough, springy, etc.—depend 
on the manner in which the steel has been treated previously and, 
in particular, on how it has been heated or cooled. This is shown in 
the experiments now described. ^ ou require three or four old 
razor-blades, but the experiments can also be performed with steel 
knitting-needles. 

(i) Hold one end of a razor-blade in a pair ol pliers and try to 
bend the other with a pair of pincers. The blade will snap because, 
although the steel is extremely hard, it is brittle. 

(ii) Hold one corner of a razor-blade in a pair of pliers and heat 
it strongly over a Bunsen flame until it is red hot. When it has been 
red hot for about half a minute make the flame gradually less hot and 
smaller, so that the blade cools down very slowly. The gradual 
cooling should occupy at least five minutes. When the blade is 
cold it will be found to have lost its hard and brittle character. It 
can now be bent easily without breaking, and it stays bent. This 
process of slow cooling is called ‘annealing’ the steel. 

(iii) Straighten the blade used in the foregoing experiment, and 
once more heat it until it is red hot. Have available some cold water 
in an old cup or mug. When the blade has been red hot for a short 
time plunge it into the cold water. You will find that the rapid 
cooling involved in this treatment has once more made the blade 
hard and brittle. 

(iv) Dry the blade after the quick cooling in experiment (iii) and 
rub it with emery paper until the surface is bright and clean. Holding 
the corner of the blade in the pliers, heat it by holding it about an 
inch above a medium Bunsen flame until a blue sheen just appears 
over the surface. Allow the blade to cool. It will now be strong and 
springy. This moderate heating followed by cooling is called 
‘tempering’ the steel. 

I ron filings arc used in experiments described at pp. 50, 72, and 103. 
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Iron Alum 

Chemical Name: potassium iron sulphate.* Chemical Formula: 

K fron aluffonsbts^^olet-coloured crystals, which dissolv*= in 
water to form a brown solution. The so ut.on is *>c.d to htmmt papen 
Make a solution by dissolving a saltspoonful of ^ 
crystals in two-thirds of a test-tubeful ot water. Be caretul 
spill the solution (or any other solution containing > 
as it causes a brown stain of iron mould, followed by lotting 

Cl The experiments here described can also be P«formed wi.h .he 
solution of ferric sulphate made from ferrous sulphate, as dtscr.bea 
at p. 75 , or with a solution of Iferric= chtorjde ^ 74 )- ^ _ nch of 

.fCBTSSSS 

Shak. - 1 - ,„b- 10 mix th„ liquids. A bsusvu jsIly-Hu prccpiuu 

of ferric hydroxide will be formed. . j 

Filter off the precipitate of feme hydrox.de. I uta ^ 

reddish-brown jelly left in the filter-papei on * of pliers and 

into a metal screw-cap. Hold the lid or cap in . pair 
warm it carefully above a small name. Steam 1 .^ 8“ * 

a red powder formed. This is ferric ox.de, a very pure f °™ “ “ s 
The same substance is obtained by heating green vitriol crystals 

<P Changing Ferric Sulphate to Ferrous Sulphate. ^At p. 75 

saw how green ferrous sulphate could >e oxi i/-‘ - su | p j iatc i n 

sulphate. The reverse change, ot ‘reducing j- described, 

iron alum to ferrous sulphate, can be performed as 

Put an inch of iron alum solution into ales ™**™*™. Add 
amount of dilute sulphuric acid or sodium »su p ^ ; cces of 

to the mixture a saltspoonful of iron fi ,l "S s ™ thc tu bc until 

zinc (obtained from an old flashlight >a ci> )• pfle hydro- 

effervescence, due to the giving off ot hydroge , • ‘ . k Jor 

gen is the reducing agent. Leave the tube m yoiu 
a while. The colour of the solution will g^dual y ’ ■ 

the liquid left is a very light green. 1 cst it by'pou * * brown , 

ammonia solution into thc tube. A dirty-gic > ‘ sulphate 

precipitate will now be formed, as in the case of fer.ous suip 

'^ A Test on Aspirin. Crush half an 

powder by warming it with a little was ^ H qu id acid by 

tube. Cool thc tubc under thc tap, a * 

■ Another common form of iron alum h iunmomum ho,, sulphate (NH,),SO. . 
Fe t (SO«) B . 24 H 2 0 . It docs not matter which form y 
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adding dilute sulphuric acid or sodium bisulphate solution. Now 
add a few drops of iron alum solution. The liquid will turn a 

beautiful mauve or violet colour. 

Testing for Tannic Acid in Tea. When tea has been brewed 
for a long time it develops a bitter taste, owing to tannic acid 
dissolved out of the tea-leaves. 

Test some tea which has been left standing for a time by pouring 
one or two drops into a test-tube, diluting with one to two inches of 
water, and adding a few drops of iron alum solution. A black 
precipitate of iron tannate will be formed. 

Crystallizing Iron Alum. The true crystalline form of iron 
alum is diamond-shaped like that of potash alum and chrome alum. 
Crystals of the substance in this form can be grown on a piece of 
cotton, as described at p. 55. The method of growing a large crystal 
is described in Chapter VII, and a photograph of a large crystal is 
shown in Plate 4. 

Lime 

(Quicklime and Slaked Lime) 

Chemical Karnes: quicklime—calcium oxide; slaked lime cal¬ 
cium hydroxide. Chemical Formula: quicklime—CaO; slaked lime 
—Ca(OH) 2 . 

The word ‘lime’ is commonly used for both quicklime and slaked 
lime, and lor convenience we shall consider the substances together. 
Quicklime is manufactured by roasting chalk or limestone in a 
lime-kiln. It has the property of giving out a brilliant light when 
strongly heated, and about fifty years ago was used for lighting 
stages (hence the phrase “to be in the limelight”). 

Slaked lime, or calcium hydroxide, is made from quicklime by 
adding water to the latter. This process is called ‘slaking’ the quick¬ 
lime. Slaked lime is used for making lime-water and mortar. It is 
also used by gardeners to ‘sweeten’ the soil. 

Two pennyworth of quicklime bought from a builder or decorator 
will supply all the quicklime and slaked lime needed in the experi¬ 
ments described here. It will also give you all the lime-water you 
are ever likely to use in your experiments. Both forms of lime, 
however, can be made at home from marble, a small lump of which 
is generally obtainable at a stonemason’s. 

Making Quicklime. Obtain a lump of marble, chalk (not 
blackboard chalk), or limestone about twice the size of a thimble, and 
a length of iron wire about nine inches long. Copper wire is not 
suitable, as it melts with the heat. The wire used for tying up 
bundles of firewood answers the purpose. Tie one end of the wire 
round the lump and hold the other end in a pair of pliers or fasten 
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it in a metal stand. Place a sheet of asbestos or a metal““j 
the Bunsen burner in case the lump fa Is out of the wire Suspend 
the lump just inside a very hot flame (F.g. 27) and heat it for ten 

to fifteen minutes. In a short 
time the lump will begin to 
glow as quicklime is formed. 

After heating allow the lump 
to cool on the asbestos or 
metal tray. Test the quick¬ 
lime as described in the next 
experiment. 

Another method of making 
quicklime is to put the lump of 
marble, chalk, or limestone into 
a glowing fire with a pair of 
tongs and leave it there for 
twenty minutes. Quicklime can 
also be made from powdered 
chalk with the help of a home¬ 
made blowpipe, as described 

at The making of quicklime from marble, chalk, or limestone is 

represented by the following chemical action . 

Calcium carbonate -> calcium oxide 4 - cai on 10 • 

Testing Quicklime by Slaking. Put ° n ^ or "° g eans of a 

fresh quicklime into ^ddl'Tw'« Clouds of 

(OO /<v steam will be given off, accompanied by a luss- 

/ ~\ //K jng noise. The quicklime will swell and crack 
^ Continue adding drops of water untd no 

further action occurs. Finally e 
break up into a fine, dry powder. 1 he water 
has combined chemically with the quicklim , 

and slaked lime remains. . . 

The word ‘quick’ in quicklime means ‘alive as > »£ 

and the dead” and ‘quicksands.’ The superstitious people ot ^ 

Middle Ages believed that quicklime was inh: * bl * ^ a dcad 
When water was added to it the spirit was released 
substance remained. To this day, slaked lime is often 

Making Lime-water. Slaked lime dissolves to^ashght«tentm 

water, and the solution is called lime-water for a minute 

of slaked lime with two-thirds of a test-tube water Test it 

or two. Filter the milky liquid. The filtrate is lime-water. 



Fio. 28. The slaking 
of Quicklime 
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with a piece of red litmus paper. The paper will turn blue, showing 
that lime-water is an alkali. Blow into the lime-water through a 
glass tube or drinking-straw. The carbon dioxide gas in your breath 
will turn the lime-water milky. 

To keep a supply of lime-water always available put a tablespoon¬ 
ful of slaked lime into a large medicine bottle and fill up the bottle 
with water. The clear lime-water can be poured off into a smaller 
bottle as it is required, the large bottle being replenished with water 
each time. 

To make Mortar. Measure out one teaspoonful of slaked lime 
and four tcaspoonluls of clean sand. If you use sea-sand you should 
wash it three or four times with water to get rid oi the salty impurities. 
Put the slaked lime into an old cup and make it into a paste with 
water. Stir in the sand a little at a time, adding more water as 
required, until a stiff paste is formed. Scrape out the paste on to a 
tin-lid and leave it for a day or two. It will set into a hard mass. 

Magnesium Sulphate 

Common .Xarne: Epsom salts. Chemical Formula: MgS 0 4 .7H0O. 

Magnesium sulphate is a white crystalline substance, which dis¬ 
solves easily in water forming a neutral solution. It received the 
name Epsom salts following its discovery in a natural spring oi water 
at Epsom in Surrey in the seventeenth century. The water gained a 
reputation for its health-giving properties and it became the fashion 
for members of the aristocracy to journey from London to Epsom to 
‘drink the waters.’ Magnesium sulphate is still used to counteract 
constipation, either by itself or in many popular brands of health 
salts. 

Action of Heat. Warm a saltspconful of Epsom salts in a dry 
test-tube over a very small flame. Hold the tube in a paper holder 
so that it slopes down slightly towards the open end. The water of 
crystallization in the substance will be given off as steam, which will 
condense in the cooler part of the tube. The anhydrous magnesium 
sulphate left in the tube is a white powder. When water of crystal¬ 
lization is driven off from a crystalline substance the latter loses its 
crystalline form and is left as a powder. This effect has already been 
noieil with copper sulphate (p. 46). 

Action of Ammonia. Add some dilute ammonia solution to a 
solution of magnesium sulphate. A white precipitate of magnesium 
h\ dioxide will be formed. 

Action of Sodium Carbonate. Add an inch of sodium carbon¬ 
ate solution to an inch of magnesium sulphate solution in a test-tube. 
A white precipitate of magnesium carbonate will be produced. I he 
chemical action is one of double decomposition. Thus: 
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Magnesium sulphate + sodium carbonate -> , 

magnesium carbonate + sodium sulphate. 

The precipitate is readily soluble in acids If a few dropsof any 
acid solution are added to the test-tube the precipitate 

di A P Test for Magnesium in Compounds. Pour two or three 
drops of magnesium sulphate solution on to a filj cr -P a P' r “ d 

two or three drops of cobalt chloride solution. ar ™ Hold the 
over a small flame until it is dry and then set flic to *** 
burning paper over a saucer to catch any ash which drops 1 he 
ash will have a pink colour. The same result is obtained w ith an) 

solution which contains magnesium. -.-rd 

Crystallizing Epsom Salts. This experiment can be carried 

out 2 described for copper sulphate at p. 3^ A beautiful show ol 

needle-shaped crystals will be obtained (sec Plate 4;. 

Manganese Dioxide 

Chemical Formula: MnO z . .. : n 

This chemical is a black powder closely resembling 
appearance. It can be distinguished from carbon by the fact diat 
it does not burn away when heated on a metal i'd- Manganese 
dioxide is contained in flashlight batteries an ot ur 
cells. It is easily obtained from this source, as ^cidc . 

In Chemistry manganese dioxide is chiefly used in the p P‘ ‘ 
of chlorine gas (p. 9 0 and as a catalyst in the preparation of oxygen 
(p. 77). It gives a wine-coloured borax bead (p. 120;. 

Nitric Acid ( Dilute) 

Chemical Formula: HN 0 3 . . -j ,.1 

Acids arc usually divided into two groups-orgamc: a ^ 

mineral acids—according to how they are obtainc . .... citric 

arc generally obtained from plant or anuna souicts. 
acid can be made from lemons (p. 103) and lactic acid^ om milk 
(p. 106). They are weak acids, and in dilute solution can be saiely 
consumed, as in the case of the acetic acid in vinegar. from 

Mineral acids are usually prepared from mmerals ob.amed from 

the ground. This class includes nitric acid, su p ’ diurn 

hydrochloric acid. Nitric acid itselt was former y ma c 
nitrate, but is now manufactured from the niuogen o acids 

contrast to organic acids, nitric acid and most ot ui c i ot hing 

are very strong acids and extremely corrosive to l 

carpets, etc. The concentrated acids are too dangerous lor boys 

use in carrying out experiments at home. 
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A small amount of dilute nitric acid can usually be obtained from 
a chemist’s if you present a note signed by a parent. Even the dilute 
acid is corrosive if left on clothes. Acid which has been accidentally 
spilled should be neutralized with dilute ammonia solution, the part 
affected being tested with red litmus paper until the latter turns 
blue. The dilute acid is also poisonous, and suitable precautions 
should be taken in performing experiments with it. 

Dilute Nitric Acid dissolves Metals. Put a few strands of 
copper wire from an old electric light flex into a test-tube with about 
an inch of dilute nitric acid. Warm the tube gently until efferves¬ 
cence starts and then stand the tube in your test-tube rack or a jam¬ 
jar. The effervescence is caused by the giving off of oxides of nitro¬ 
gen, principally nitric oxide, NO, and nitrogen peroxide, NO a . The 
first of these gases is colourless, while the second consists of brown 
fumes. In a few minutes the copper will have dissolved in the acid 
and a greenish-blue solution of copper nitrate will be left. 

In a similar way iron filings and zinc can be dissolved in dilute 
nitric acid to give solutions of ferrous nitrate and zinc nitrate. 

Dilute Nitric Acid dissolves Metal Oxides. Warm a pinch 
of black copper oxide with about an inch of dilute nitric acid in a 
test-tube. The copper oxide will disappear and a blue solution of 
copper nitrate will be formed. 

Dilute Nitric Acid liberates Carbon Dioxide from Carbon¬ 
ates and Bicarbonates. Put half an inch of chalk (calcium car¬ 
bonate), washing-soda (sodium carbonate) or baking-soda (sodium 
bicarbonate) into a test-tube and add a few drops of dilute nitric 
acid. There will be a vigorous effervescence due to the giving off 
of carbon dioxide. Test the gas with lime-water as described at p. 43. 

Making Sodium Nitrate Crystals by Neutralization. 1 his 
experiment is similar to the preparation of ammonium sulphate by 
neutralization, as described at p. 57. Dilute nitric acid is used 
instead of dilute sulphuric acid, and either sodium carbonate or 
sodium hydroxide solution can be used as the alkali. 

Other experiments in which dilute nitric acid is used are described 
at pp. 71, 95, and 144. 

Salt ( Common ) 

See Sodium Chloride. 


Sodium Bicarbonate 

Common Names: baking-soda, bicarbonate of soda. Chemical 
Formula: NaHC 0 3 . 

Sodium bicarbonate is a soft white powder. It dissolves to only a 
small extent in cold water, and it is decomposed by hot water. The 
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solution is a very weak alkali. It turns red litmus blue, but is too 

weak an alkali to affect phenolphthalein. , 

A chemist always keeps a supply of sodium b,carbonate at hand 
in his laboratory, because it is a very useful chemical It « the best 
substance to use for neutralizing acid splashes on the skim The pan 
affected is made wet with water and a little of the white poude is 

rubbed on. Acid splashes in the eye are treated b V Y 0 “uk«varm 

a saltspoonful of sodium bicarbonate with a egg-cup u 

water and applying the egg-cup to the eye. The solution is also a 

good first-aid treatment for ordinary burns. , i:r„ 

Among the many uses of sodium bicarbonate in everyday hfc 
might be mentioned its use in baking-powder (a mutture of sodium 
bicarbonate with an acid substance like cream of tartar) efferves g 
health salts, and chemical fire-extinguishers (see p. W)- 

Decomposing Baking-soda by Heat. Put hall an inch of 

sodium bicarbonate into a dry test-tube. Have ,™ dy fi "° t ubeTn a 
tube containing an inch of clear lime-water. Hold he first tube in a 

paper holder in your left hand so that the tube d °'™> and 

hold the lime-water tube in the other hand so that 

are mouth to mouth. Warm the baking-soda over a very small 

Notice that moisture is deposited in the cooler paiit ofThe tub ^ 
After warming for a couple of minutes lay the heated 
gauze, and shake up the lime-water. This will turn mil 
that carbon dioxide has been given ofT. The ehem.eal action which 

has taken place can be written: 

Sodium bicarbonate —> sodium carbonate T water b cai 

Action of Acids. Any acid solution causes carbon dioxide to be 

given off very readily from sodium bicarbonate. ° f j Q f- 

in a test-tube. An alternative method is to put a teaspoonful ot 

baking-soda into a jam-jar and add a little vinegar extin- 

If a lighted taper or spill is introduced into the jar it 

guished by the carbon dioxide formed. colu- 

Obtandng Precipitates with Sodium Bicarbonate A solU f 

tion of sodium bicarbonate gives precipitates wi t . ut t hc 

various metal salts. These precipitates arc not Jicarj a j )OUt an 

ordinary carbonates of the metals. 1 ry this P ‘ w drops 

inch of baking-soda solution into a test-tube an a in ‘ • t . 

of any of the following solutions: copper sulphate, fen ous sulphate, 

magnesium sulphate, zinc sulphate. . Brand 

Testing for Sodium Bicarbonate in 
Stomach Powder. This mixture contains calcium 
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magnesium carbonate, bismuth carbonate, and sodium bicarbonate. 
Of these, only sodium bicarbonate is soluble. 

Shake a teaspoonful of the powder with an inch of water in a test- 
tube for a minute or two. Filter the milky liquid. The filtrate will 
be a colourless solution of sodium bicarbonate. Dip the end of a 
wood spill into the liquid and hold it in the edge of a non-luminous 
Bunsen flame. The flame will turn an intense yellow colour (test 
for sodium). Warm the rest of the solution. Carbon dioxide will 
be given off, as shown by lime-water (test for a bicarbonate). 

Preventing Milk from going Sour. In hot weather milk often 
turns sour, because bacteria change the milk-sugar into an acid 
(lactic acid). Milk which is just beginning to ‘go off’ can be saved 
by adding a little sodium bicarbonate to it. Use a saltspoonful of 
the substance to a pint of milk. 

Preparing Washing-soda Crystals from Baking-soda. Put 

two teaspoonfuls of baking-soda into a beaker which is about one- 
third full of water. Stir the powder round. Pour off a few drops of 
the liquid into a test-tube and test it with a drop of phenolphthalein, 
to show that sodium bicarbonate solution is too weak an alkali to 
give the usual red colour with this indicator. Heat the beaker on a 
gauze and tripod and keep the liquid gently boiling for ten minutes. 
The sodium bicarbonate will soon disappear because it is decom¬ 
posed into sodium carbonate (which is much more soluble), water, 
and carbon dioxide. 

Allow the beaker to cool. Test a few drops of the liquid again 
with a drop of phenolphthalein. A rose-red colour will now be 
produced, showing that sodium carbonate is a stronger alkali than 
sodium bicarbonate. If colourless crystals of washing-soda have not 
been deposited by the time the beaker is cold, transfer the solution 
to an evaporating-dish and leave it for a time in a warm place. 

Other experiments in which baking-soda is used arc described 
at pp. 48, 56, 71, 91, 13b, and 149. 

Sodium Bisulphate 

Chemical Formula: NaIIS 0 4 . 

This is a white crystalline substance, which is very soluble in 
water and gives an acid solution. The crystals are deliquescent: 
when exposed to air they absorb moisture, become wet, and 
eventually form a solution. The crystals should therefore be kept 
in a well-stoppered bottle. 

Sodium bisulphate is a useful substance to have in your stock of 
chemicals, because the solution can be used in most experiments as 
a substitute for dilute sulphuric acid, which is sometimes difficult to 
obtain. Some preparations in Chemistry normally require the use 
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of concentrated sulphuric acid, a chemical which - ve^dangerous 
except when used by experienced c er * 11 

often employ crushed solid sodium bisulphate. should be 

Both the solid and the solution are corrosive, and ca e should^ 

taken to avoid spilling either. If spilling ocs o * a j izc any 
spilled material immediately with a wet c o •. t h crc i s no 

remaining acid with dilute ammonia or baking-soda unul there 
longer an acid reaction with blue litmus paper. Do not use ammo 

0ri Sodiumbisulphate is mentioned in many experiments in this book 
(see also Sulphuric Acid, p. 9®)‘ 

Sodium Carbonate 

Common Name: washing-soda. Chemical 

Washing-soda is a very common chemical. It census at co $ ^ ^ 
or white crystals. Well over half of the wcig 1 ,. q1vc ' s rea dily in 

to the water of crystallization. Was in S“ s if the solution is left 
water, and the solution is a fairly strong a a ** , ■ d at home 

on the skin it may produce blisters Washing-soda »s used at 

because it removes grease and softens hard water_ ( P . «30- 
also a constituent of washing-powders an , large, 

A Well-known Property of Washing^about 
clear crystal of washing-soda and lca\ w hite powdery 

hour. It will then be found to have acq\ ‘ .... • c j ian <»e is 

coating which can easily be scraped off with a kn . . ' some of its 

called‘efflorescence,’ and it is caused >y K . e cry ' • d has the 

r-J hK and^ S ometime P s called sodiunt 

"2 SS oTh^ Warnr a crystal of 

tin-lid or in a metal screw-cap. The crysta ^ jy t j ic liquid 

the heating is continued clouds ^nowV 
dries up, and a white powder remains. • car bonate. 

all its water of crystallization and is anhydrous sod.um carbon 

The latter is known commercially as soda-ash. with an 

Action of Acids. When sodium carbonate,is ,treated 

' . . * I ♦ ^-1» Try®in"turn'd"action of 

vfflegar!ckric^ffl,“dilute sulphuric acid, etc., on a few wash.ng-so a 

"obtaining Precipitates with 

solution oi sodium carbonate is used . to small amounts 

metal carbonates. Add some washing-so a so i ncs j um sulphate, 
of solutions of copper sulphate, ferrous sulphate, magnesm. 1 
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and zinc sulphate. The action in each case is a double decompose 
tion, and in the case of zinc sulphate can be written: 

Zinc sulphate -f- sodium carbonate -> 

zinc carbonate + sodium sulphate. 


With a solution of alum or aluminium sulphate the sodium carbon¬ 
ate precipitates aluminium hydroxide—not aluminium carbonate. 
This is because aluminium carbonate is a very unstable substance 
and is at once decomposed by the water into the hydroxide. 

A Red Invisible Ink. Write on paper with a solution of 
phenolphthalein. Allow the paper to dry, when the writing will be 
invisible. Wet a cloth or sponge with weak sodium carbonate 
solution and smear it over the paper. The writing will at once show 
up in red letters. 

Making Baking-soda from Washing-soda. Fix up the 

apparatus shown at p. 64 (see also p. 173) for delivering carbon 
dioxide. Make a strong solution of sodium carbonate by warming 
two teaspoonfuls of powdered washing-soda crystals with a test- 
tubeful of water in a beaker. Half fill a test-tube with the strong 
solution and cool it under the tap. 

Put the delivery-tube from the carbon dioxide apparatus to the 
bottom of the solution in the test-tube and pass a slow stream of 
carbon dioxide through the liquid for about ten minutes. A white 
precipitate of sodium bicarbonate will be formed. Filter the pre¬ 
cipitate, and dry it by leaving the filter-paper opened out on a piece 
of newspaper in a warm place. Test the product by heating it as 
described under Sodium Bicarbonate and testing for carbon dioxide 
being given off. 

The course of the chemical action in this experiment can be 
followed if a drop of phenolphthalein solution is added to the 
washing-soda solution in the test-tube. A red colour is imparted to 
the solution. The colour will disappear when all the sodium 
carbonate has been converted into sodium bicarbonate. 

Making Bath Salts. These crystals are often added to bath 
water to ‘soften’ it (p. 130). Washing-soda crystals coloured by 
dyes are sometimes sold as a cheap form of bath salts. When exposed 
to the air they betray their identity by acquiring the usual white 
co.ating due to efflorescence, as described previously. 

Better quality bath salts consist of crystals of sodium sesqui- 
carbonate, and have the chemical formula 


Na .CO, . NaHGO., . 2H..O. 


They are made by combining washing-soda and baking-soda 
together, colouring-matter and perfume being added to make the 
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product more attractive. These crystals are no.‘ “' ^"onh "t'^dht 
in solution as washing-soda, which tends to remove not onh 

^“rath'saU crystals, dissolve a small level -s^nlul of 
baking-soda in an egg-cupful of warm (but ) dered 

beaker. When it has dissolved add four tim « s a , ,f on to an 
washing-soda, and dissolve this also. Transfer the sol have 

evaporating-dish and leave this in a warm place"" h J crysta l s 
formed. It will be found that, unlike wash.ng-soda, these cryst 

are not efflorescent. 

Sodium Chloride 

Common Name: salt. Chemical Formula: NaCl .. 

Salt is a white crystalline substance composed of sodmm (a ^ 

and chlorine (a gas). Grains ot salt consis , . a magni- 

seen by examining a few grains from * s * l ^ e . a nculra l solution 
fying glass. Salt dissolves readily in ' s for cooking and flavour- 
often called brine. Besides its uses at hutter curing fish, 

ing, salt is used in large quantities ° 

and manufacturing important chcmica s -c nw fc imparts a 

A Flame Test When chemical test 

brilliant golden-yellow colour to it (p. 4 / )■ , used for 

for sodium in a substance. ‘Sodium-vapour 1 »"P* uw 

lighting roads in some towns. The yellow l.ght of sodmm ma 

person’s face appear bloodless and 1 1 , , Snirit. This 

Showing the Insolubility of Salt in ^^^L^^phatc 
experiment can be carried out as described ior coppt 1 

(P Making Hydrochloric Acid Gas from Salt. ^^^'fcrrous 
saltspoonfuls of salt and an equal amount o po^ ^ test-tube 
sulphate or sodium bisulphate. Put the mix u l)oU i c 0 f strong 

and have ready a damp blue htmus paper Buns ‘ cn flame, holding 
ammonia. Heat the mixture over a me • dic fl am e. 

the tube in a paper holder and moving the tube abo * 

Hydrochloric acid gas, or hydrogen cWor.de w.U^n be R ^ 

off in the form of steamy fumes. Sniff the gas ‘ removing 

blue litmus paper into the fumes. Test the gas, also, by ^ 

the stopper from the bottle oi strong ammon < ^ ( j cnsc white 

steamy fumes across the top of the bott c ( >g- * . ainin0 nium 

smoke- will be produced. The white smoke consists 

chloride. _ . . mixture of 

Making Chlorine Gas from Salt. Again ■, of sodium 

equal parts of salt and powdered alum, errous s ^ manganese 
bisulphatc, and then mix in an equal par 
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dioxide. Have ready a piece of damp litmus paper (red or blue). 
Heat the mixture over a medium Bunsen flame, holding the tube in 
a paper holder. Chlorine, a green gas with a choking smell, will be 
formed in the tube. Sniff the gas very cautiously and test it with the 
litmus paper. The latter will be bleached (turned white). This is 
the usual test for chlorine. 

Crystallizing Salt in Cubes. Make a saturated solution of salt 
by warming an inch of salt with half a test-tubeful of water to which 



Fig. Method of testing Hydrochloric Acid Gas 

has been added a drop of dilute sulphuric acid or four or five drops 
of citric acid solution (or lemon juice). Cool the tube under the 
tap. Filter a third of the solution into a small glass pot of the kind 
used for fish-paste. Leave the pot for twenty-four hours in a warm 
place. A number of crystals of salt will then be found at the bottom 
of the pot. If an electric torch is shone up through the bottom of the 
pot, the cubical shape of the crystals will be clearly seen. 

Sodium Hypochlorite 

Common jXame: bleaching fluid. Chemical Formula: NaOCl. 

This chemical does not exist in solid form. It is sold as a strong 
solution by chandlers under various trade names, such as Chloros, 
for bleaching and lor disinfecting sinks and drains. A very weak 
solution is sometimes used as a gargle (*•.«., Milton). Strong 
solutions of the chemical are poisonous. 

Bleaching Experiments. Wet the cork of the bottle of bleaching 
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fluid with the strong solution and dab it on a piece of red lhmus 
paper The paper will first be turned blue and then bleachecL 
Put ole d. P op P of ordinary blue-black ink into a test-tube anc 1 M 
the tube up to half-way with water. Now add one drop 
fluid and shake the tube. The colour of the ‘‘qo.d wfli be at once 
destroyed. A method of making your own mk-eradicator is dcscr. 

at To'show the bleaching of cloth, a strip of coloured cotmn doth 

is best. Wet the cloth under the tap and squee“ ** ~* t ^c strong 
cloth in a jam-jar and add to the jar half a test-tubefu!or the strong 

the * has no. 

cloth* hi It; 7 again!” The^c loth^viU^be r^d if toTstrong a bleaching 

“senfrot. Bleaching Fluid. Put about an inch of bleaclnng 
fluid into a test-tube and add a crystal oi c°balt chloride.^Ihe 

contents of the tube will turn black. Warm „j vcn 

small flame. Effervescence will soon begin and oxygen will be gn 
off in abundance. Test for the oxygen by introducing a glou mg 

wood spill into the mouth of the tube. , of anv acid 

Chlorine from Bleaching Fluid. Add a.lew d,ops o' any* ^ 

solution (citric, tartaric, sulphuric aci , c •) ^ g i ven 

bleaching fluid in a test-tube. I he gicen gas . £ w ith a 

off without any heating. Sniff the gas cautious y the 

piece of wet litmus paper. The paper >wll be bleached 

"bMaking Sodium Hypochlorite from Chloride of Ume^and 

Washing-soda. Make a fairly strong solution o • £ a lu l 
dissolving two teaspoonfuls of the pow ere tcaspoon fuls of 

of hot water. Allow the solution to co • t ^ c co ld 

chloride oflime (bleaching powder) into a■ ca ^ ^ W hen all 
solution of washing-soda, stirring roun wi jjd / c halk) in 

the washing-soda has been added allow the wh.te ^cha^ ^ 

the beaker to settle. T hen pour ofl a .• chloride and 

above the solid. The filtrate is a solution experiments 

sodium hypochlorite, and can be tested by means ol the expe 

”l^g fluked in experiments described a, PP . . 77 . . 07 - 

Sodium Hydroxide 

Common Name: caustic soda. Chemical ‘ t ^ ct j n g moisture 

Sodium hydroxide is a white deliqucscen . > d ■ bottle, 

from the air and forming a solution. It should be stored 



94 CHEMISTRY EXPERIMENTS AT HOME 

with a tightly fitting cork or rubber stopper. Glass stoppers or 
metal screw-caps tend to become cemented to the glass. Caustic 
soda is sold by ironmongers for cleaning cookers and by paint shops 
for removing old paint. On no account must the solid or solution be 
handled. Sodium hydroxide is a strong alkali with a powerful caustic 
action if left on skin. It destroys the skin and causes painful blisters. 
Clothing also is corroded by caustic soda. Accidental splashes of 
the solution should first be treated with water if the solution is 
strong and then neutralized with vinegar, citric or tartaric acid (but 
not sulphuric or other mineral acid), the part affected being tested 
with red litmus paper until it fails to turn blue. 

Sodium hydroxide should always be used in dilute solution. For 
stock purposes put half a teaspoonful of the solid into a beaker half 
full of water and stir with a glass rod or stick until the solid has 
dissolved. Transfer the solution to a bottle and cork it securely. 
Instead of buying sodium hydroxide, you can make it, as now 
described. 

Making Sodium Hydroxide Solution from Slaked Lime 
and Washing-soda. Fill a beaker half full of water and heat it on 
a gauze and tripod until the water boils. Add a tablespoonlul ot 
powdered washing-soda and stir until it has dissolved. Now add 
halt a tablespoonlul of slaked lime (calcium hydroxide) and continue 
the boiling. After about five minutes filter a few drops of the hot 
liquid into a test-tube and test the filtrate by adding a few drops of 
any acid solution. If there is no effervescence the action is complete. 
If effervescence occurs add another tcaspoonful of slaked lime to the 
beaker and continue the boiling for another five minutes. I hen test 
in the same way. 

When testing shows that there is no sodium carbonate in the 
filtrate leave the beaker to cool. 1 he white residue of chalk will 
settle on the bottom of the beaker. When the beaker is cool pour 
off the clear solution of sodium hydroxide (do not filter it) into your 
stock bottle, and, as the solution is rather strong, add an equal 
amount of water. The chemical action which occurs in this experi¬ 
ment is a double decomposition, and can be written: 

Calcium hydroxide 4 - sodium carbonate —> 

calcium carbonate -f- sodium hydroxide. 

The Soapy Feel of Caustic Soda. Moisten the tip of a finger 
with a drop of dilute sodium hydroxide solution and rub your lingers 
together for a moment. The soapy feel is a typical property of 
strong alkalis. Wash your fingers immediately after doing the test. 

Action on Ammonium Salts. Warm a saltspoonful of ammo¬ 
nium chloride, carbonate, or sulphate with a few drops of caustic 



95 


experiments with common chemicals 

soda solution. Ammonia gas will be given off. It can be tested by 

smell and by the turning blue of damp red litmus P‘ l P"' 

Making a Salt by Neutralization. As sodium hydroxide s an 
alkali, it can be used to neutralize an acid. The substance r^ g 

from the neutralization is a salt. The act.on can be represented. 

Alkali + acid -> a salt + water. 

For this experiment a solution of citric acid dilute nitric acid, or 
dilute sulphuric acid can be used. The salt obtained wd be sodmm 
citrate, sodium nitrate, or sodium sulphate. 1 he deou of dm 
preparation are similar to those described for making ammonium 

SUl Obtaining 7 Mctal Hydroxides by Precipitation^ Like am¬ 
monia sodium hydroxide is used in Chemistry to make meta 

hydroxides from solutions of metal salts. tubes and 

Put small amounts of the following solutions into e 

add dilute caustic soda to each: alum, copper s 1 ’ z * nc 

sulphate, ferric chloride, or iron alum, magncsiu , ’ e 

sulphate! Various colours of precipitates 

hydroxides of aluminium and zinc will dissolve it a fu 

of caustic soda solution is added and the tu jcj ia This 

Making Washing-soda Crystals stream 

experiment requires an apparatus which will deliver a y ^ 

of carbon dioxide (see pp. 64 and 173). \ c P'? pa ‘ third of a 
carried out with an ordinary test-tube, using on > follows 

test-tubeful of caustic soda solution, but rt » best do ’’ c “ “ nd 
Measure out a test-tubeful of dilute caustic soda‘ » lu *™ 
transfer it to a boiling-tube. Pass a slow, stea y s i . t j lr 

dioxide into the solution for five minutes, takingcai ‘ ^ bc 
delivery-tube is at the bottom ol the liquid. ome o j nlo an 

absorbed by the solution. Put the remaining s un »il about 
evaporating-dish and evaporate it over a sma an crystallize 
one-third of it remains. Then leave the 
Large colourless crystals of washing-soda, sodium c 

formed. 

Sodium Silicate 

Common Name: water-glass. Chemical I'ormula. J*j ut j on as 

Sodium silicate is a glassy solid usually so m ^ alkaline 

a thick syrupy liquid. It dissolves m water Jg fabrics . 

solution. It is used lor preserving eggs and I oW -glass 

It is also one of the chief constituents of ordinary window g 

(see p. 124). Silicate. When a 

Precipitates with Sodium Silicate. 
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solution of water-glass is added to solutions of certain metal salts 

precipitates of metal silicates are formed. 

Put into test-tubes small amounts of the following solutions: alum, 
copper sulphate, ferrous sulphate, ferric chloride or iron alum, 
cobalt chloride, nickel sulphate. Make a solution of sodium 
silicate by stirring a teaspoonful of water-glass in half a beakerful 
of warm water. Add a little of this solution to each of the test- 
tubes. Note the different colours of the precipitates which are 

formed. 

Making a Chemical Garden. This is a very well-known and 
interesting experiment which you can easily perform for yourself at 


home. . 

Make a strong solution of sodium silicate by dissolving two 

tablespoonfuls of water-glass (it is quicker actually to use two spoons) 

in a cupful of hot water. Transfer the solution to 
a beaker or jam-jar and allow it to cool. When 
the solution is quite cold drop into the jar small 
crystals of four or five of the chemicals mentioned 
in the previous experiment and leave the jar 
undisturbed on a shelf. After a time the crystals 
will look as if they arc sprouting. Growths from 
the crystals rise up through the liquid and give 
the appearance of plants growing in the solution. 
Making Silicic Acid and Pure Silica. Silica 
is another name for sand, but ordinary sand is an impure form ol 
silica. White sand is almost pure silica. The white silica can be 
made from water-glass, as here described. 

Prepare strong solutions of sodium silicate and sodium bisulphate. 
For the former dissolve a teaspoonful of water-glass in a third oi a 
cupful of warm water. The sodium bisulphate solution is made with 
a teaspoonful of the crystals and about an inch of water in a test-tube. 
Mix the solutions together in a beaker. A jelly-like precipitate ol 
silicic acid will be formed. Filter olT the gelatinous precipitate, and 
wash it by running a little warm water through the filter-paper. 
Scrape the precipitate out of the filter-paper with a spoon into a 
metal screw-cap or on to a tin-lid. Hold the screw-cap or lid in a 
pair of pliers and heat it. The fine white powder left is pure silica. 
Its chemical formula is Si 0 2 . 



Fig. 30. A 
Chemical Garden 


Sodium Sulphate 

Common Name: Glauber’s salt. Chemical Formula: Na«S 0 4 . 10HX). 
This is a white crystalline substance, used, like Epsom salts, as a 
laxative. The crystals resemble washing-soda in being efflorescent— 
that is, they lose water of crystallization when exposed to air and 
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become covered with a white powder. The crystals dissolve readily 

in water and give a neutral solution hU crime nt is 

ofGlauber’s sal^ A ■*£ 

needed to 

make a saturated solution at the given Qi au ber's salt and add 
Half fill a clean empty ink-bottle with Glaubers sa ^ ^ ^ 

water until the crystals are covere W1 saucepan with about 

water. Put the bottle (without stopper; i ring . When 

an inch of cold water and heat t te:saucep h water 

the water begins to boil turn the ^^inutr ign-e any 
just boiling until the crystals isso ve j otton _ wool into t h e neck of 
white specks left. Now put a plug ^ Qn a sauce r outside 

the bottle to exclude dust, and leave contents of the 

in the open air (twenty minutes). When cold the 0011^ 

bottle will remain liquid. You now aw P c ta j Q f Glau- 

Remove the cotton-wool and at once ^ wiU shoot out in all 

ber’s salt into the bottle. Long sp y , .. -j w ;\l become 

directions from the crystal added and the liquid 

almost solid. 

Sodium Thiosulphate ^ Q 

Common Name: ‘hypo.’ 1 ^^ c ^stals?which dissolve 

Sodium thiosulphate consists of . ^ell-known chemical 

in water to give a neutral solution. ‘. j n lhe process of 

because of its use in photography. exposed plate or film. 

• fixing '-that is, dissolving silver br™* 0 f" h iosu.pha,e in 
Action of Heat. Heat a few crystals ol sodwn ^1 

a dry test-tube, holding the tube in a P a l t jjj 7 at ion. With 

will first melt and give off their water ol cry ^^ ^ ^ 

stronger heating a yellow deposit o . P Q f hydrogen 

cooler part of the tube and there will be a 

sulphide, the ‘bad egg’ gas. «.»l-«tancc consists largely 

Allow the tube to cool. T he remain* fe ac id solution, 

of sodium sulphide. Moisten it w.th a few drops^a^y ^ 

A very strong smell of hydrogen sulp 1 , ■ m a test-tube 

Action of Acids. Warm a few cn.stal^of hypo ^ Sulphur 
with a little citric acid solution or di given oil and 

dioxide gas, which has a sharp, poking srnc > lu be. If a piece 

a milky precipitate of sulphur will )C enC i 0 f the tube it will 

of damp blue litmus paper is held at th P 

be turned red, as sulphur dioxide is an aci strong solution 

Action on Copper Sulphate Solution. Make a st. b 

D 
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of‘hypo’ by warming about a dozen crystals with an inch of water 
in a test-tube. Cool the solution under the tap. Add to the test-tube, 
drop by drop, about an inch of copper sulphate solution. The blue 
colour of the copper sulphate solution will be destroyed as it mixes 
with the ‘hypo.’ Now heat the mixture until it begins to boil. 
Remove the tube from the flame and watch the liquid. It will 
slowly turn yellow, then brown, and finally a heavy black precipitate 
will form. The precipitate is copper sulphide. 

Making a Supersaturated Solution. Like Glauber’s salt 
‘hypo’ readily forms a supersaturated solution. The following is an 
interesting method of showing the property. 

Add two drops of water to about an inch of ‘hypo’ crystals in a 
test-tube and warm the tube gently over a small flame. When the 
crystals have turned into liquid put a plug of cotton-wool in the 
mouth of the tube and leave it until nearly cold. The contents of the 
tube will remain liquid. Remove the cotton-wool and pour out the 
liquid on to a sheet of clean glass or a small mirror. Now drop into 
the middle of the pool of liquid a tiny crystal of ‘hypo.’ Crystals 
will shoot out in all directions from the tiny crystal and the whole of 
the liquid will turn into solid. 

Sulphuric Acid ( Dilute) 

Chemical Formula: H 2 S 0 4 . 

Like nitric acid sulphuric acid is a mineral acid. Pure sulphuric 
acid is a heavy oily liquid called oil of vitriol or sometimes just 
vitriol. In this form it is a very dangerous chemical, on account of 
its strong corrosive properties, and should not be used for experiments 
at home. 

Dilute sulphuric acid can usually be bought in small amounts at 
a chemist’s, although a parent's note may be required if you are 
below the age of 16. The sulphuric acid used in wireless accumu¬ 
lators and motor-car batteries is suitable for carrying out experiments 
if it is first diluted with water to about lour times its volume. Care 
should be taken in handling even dilute sulphuric acid, as it is 
poisonous and corrosive if left on clothes, carpets, etc. In most 
experiments a solution of sodium bisulphatc (p. 88) can be used 
instead of sulphuric acid. 

The properties of dilute sulphuric acid are illustrated by experi¬ 
ments described in various parts of this book. These properties can 
be summarized as follows: 

(i) It dissolves metals like iron (p. 50) and zinc (p. 99) but not 
copper. The failure to dissolve copper distinguishes this acid from 
dilute nitric acid (p. 86). 
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(ii) It dissolves metal oxides, like copper oxide (p.■ T*)- 

(Hi It is neutralized by alkalis, like --^^f^onaiesand 
(iv) It liberates carbon dioxide gas from metal carbona 


bicarbonates (pp. 87, 89). 
See Sodium Carbonate. 
See Sodium Silicate. 


Washing-soda 

Water-glass 

Z inc 


Chemical Symbol: Zn. obtained in the form of 

Zinc is a metallic element. U .s teacWy ob'mnca . ^ some 

foil from a spent dry-cell or flashlight at C |T i ; s z ; nc powder, 

experiments^ more convenient form galvanizing 

which can be bought cheaply. Zinc ex ) ofz i nc t o prevent 

iron sheets-that is. covering the Ton with a^layer ^ ^ 

the iron from rusting. Brass is an alloy p P but both 

Burning of Zinc. This can be done n wo « > ^ 

require the use ofzinc powder. Sprmkl^,^ ^ bum with a fine 
a non-luminous Bunsen flame. 1 he p 

display of green flashes. ccg-cup and stir it up 

Put a teaspoonful of zinc povvde solution so that a 

with two or three drops of sodium i> r * ^ 0 u spoon to a 

thick paste is formed. Transfer the P a * ^ paste between the 
filter-paper placed on a newspapci an P the damp 

filter-paper fo squeeze out most o the Shortly 

cake on a metal lid and leave it in t yellow as the zinc 

clouds of steam will arise and the mass w i . c oxl dc. It may 

combines w'ith oxygen from the air to °* u ut it will do so 

be five or ten minutes before the zinc sc s ’is 

eventually. The zinc oxide will turn white ^ - vcn 0 fT from 

Action of Acids. Zi " C . .!*“?, dilute 

most acids. Iry this with vinegar, c of the acid solution 

sulphuric acid, etc., using not more than one d taper or spill, 

in a test-tube. Test for the hydrogen with align ^ ^ With 

With powdered zinc the action is vigorous action is greatly 

zinc foil it is necessary to warm the aci > a solution to the tube, 
speeded up by adding a drop of copper su \ Q f z i nc foil with 

Action with Alkali. Warm a few sma c solution in a 

an inch of sodium hydroxide or sodium ^ - n t j ie previous 

test-tube. Hydrogen will be given o v ra ther violent, and 
experiment). With powdered zinc the ac 10 4 

only a few drops of the alkali solution shou 



IOO 


CHEMISTRY EXPERIMENTS AT HOME 


Combination with Iodine. Shake a few small pieces of zinc foil 
or a little zinc powder with an inch of iodine solution in a test-tube. 
The colour of the iodine will gradually disappear, because the metal 
combines with the iodine to form a solution of zinc iodide. Pour 
off the liquid which remains and add to it a few drops of sodium 
carbonate solution. A white precipitate of zinc carbonate will be 
produced. 

Displacement of Copper from Copper Sulphate. Rub a 

strip of zinc foil with sandpaper to clean the surface. Add the zinc 
to a little warm copper sulphate solution. A red deposit of copper 
will be formed on the zinc. The chemical action can be written: 

Zinc -f copper sulphate -> copper -f zinc sulphate. 

%inc Sulphate 

Common Name: white vitriol. Chemical Formula: ZnS 0 4 .7H 2 0. 

Zinc sulphate consists of white crystals, which dissolve in water to 
give a slightly acid solution. A very weak solution is sometimes used 
as an eye-lotion. Solutions of zinc sulphate are poisonous. 

Making Zinc Sulphate Crystals from Zinc. Cut some zinc 
foil into small pieces. Put about half an inch of these pieces into a 
test-tube with about half a test-tubeful of dilute sulphuric acid. 
Warm the tube until effervescence begins and then leave the tube 
standing in a test-tube rack or a jam-jar. If the zinc is very pure it 
may dissolve only slowly. In this case add one or two drops of 
copper sulphate solution to the tube. This will make the zinc 
dissolve much more quickly. 

Leave the tube until effervescence has stopped. Some zinc should 
still be present in the tube, showing that all the acid has been used 
up. You will probably see small black specks floating about in the 
liquid. These are specks of carbon, a common impurity in zinc, 
filter the solution into an evaporating-dish and evaporate the filtrate 
until about one-third of the liquid remains. When the solution is 
left to crystallize small white crystals of zinc sulphate will be formed. 
These can be dried by pouring away the liquid and scraping the 
crystals on to a piece of blotting-paper or filter-paper which is then 
left on a newspaper in a warm place. 

Action of Heat. Warm some zinc sulphate crystals in a metal 
screw-cap. Water of crystallization will be given of!' and the sub¬ 
stance will lose its crystalline form and change into a white powder 
(anhydrous zinc sulphate). If this is heated very strongly white 
fumes will be given off and zinc oxide will remain. Zinc oxide is 
yellow when hot and white when cold. 

Action of Ammonia. Add dilute ammonia, drop by drop, to 
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about an inch of zinc sulphate solution in a test-tube. Shake the 
tube. A white precipitate of zinc hydroxide will be obtained, 
more ammonia is added, the precipitate will dissolve. 

Action of Washing-soda. Add some sodium carbonate soluti 
to a little zinc sulphate solution. A white precipitate of zinc 
carbonate will be formed. Filter the precipitate. Tear off the bottom 

half inch of the filter-paper containing the precipitate, open ou 
the paper, and heat it in a metal screw-cap. Zinc oxide will be 

Pr A Chemical Test for Zinc. Drop on to a piece of filte ^P a P" r 
one or two drops of zinc sulphate solution and then one o, t -drops 
of cobalt chloride solution. Dry the paper by holding t ova 
flame and then set fire to it over a saucer. 1 he ash uhicl 
will be green in colour. 



CHAPTER V 


Experiments with Organic Substances 

The word ‘organic’ was originally used in Chemistry to describe 
those substances which are made in the living bodies of plants and 
animals. Thus sugar is obtained from the sugar-cane or sugar-beet, 
starch from potatoes, and glue from the bones of animals. It was 
considered impossible to make such substances without the aid of a 
living organism. Chemicals like salt and sulphur, which come from 
mineral sources, were distinguished by calling them ‘inorganic.’ 

Nowadays the distinction between organic and inorganic sub¬ 
stances is made rather differently, because it has been discovered how 
to make most of the so-called organic substances in a laboratory 
without the help of living organisms at all. Chemists can make 
sugar, for example, which is just as sweet as ordinary sugar and 
quite indistinguishable from it. To-day we define Organic Chemistry 
as the study of the compounds formed by the element carbon. Strictly speak- 
ing, any substance which contains carbon is an organic compound, 
although a few carbon-containing substances, such as carbon dioxide 
and carbonates, arc more conveniently studied with inorganic 
compounds. 

It is more convenient, for several reasons, to study the compounds 
of carbon separately from those formed by other elements. Organic 
compounds possess certain characteristics which set them apart from 
other substances. Thus: 

(i) They are usually composed of much bigger and more compli¬ 
cated molecules— e.g., sugar has the chemical formula C 12 H 22 O u . 

(ii) 1 hey are much more numerous. More than 300,000 organic 
substances are known as compared with about 30,000 inorganic 
ones. 

(iii) 1 hey are made up of very few elements, chiefly carbon, 
hydrogen, oxygen, and nitrogen. 

(iv) When heated in air they mostly burn or decompose, often 
leaving a black mass of carbon. 

Many organic compounds arc used in everyday life, but not all 
of them are suitable to use in performing experiments at home. 
Some of them, like petrol and benzene, are highly inflammable and 
are too dangerous for any but expert chemists to handle. However, 
there are a number of organic substances which are easy to obtain, 
safe to use, and provide some interesting experiments. 
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Citric Acid 

Chemical Formula : C 6 H 8 0 7 . . 

Citric acid consists of white crystals, which are readily soluble in 

water. Like most organic acids it is a very weak acid, with little 
corrosive action. The sour taste of lemons, gi ape- ruit, an ot er 
citrous fruits is due to the citric acid which they contain. It is also 
present in gooseberries and raspberries. Citric acid is one of the ingre¬ 
dients in artificial lemonade powder. It is also often containe in 
health salts; it acts with sodium bicarbonate in the mixture to 
produce the ‘fizz’ when the mixture is added to water. 

Making Citric Acid Crystals from Lemon-juice, bquecze a 
lemon with the help of a lemon-squeezer and transfer the juice to a 
beaker. Add an equal amount of water and boil the liquid gent y 
over a gauze and tripod for quarter of an hour. 1 ter t le tqu 
while still warm into an evaporating-dish. The filtrate will be 
solution of citric acid. Evaporate the solution on tie gauze an 
tripod until only about one-third of it remains. T cn put 1 on 

side to cool and crystallize. _ 

The crystals of citric acid obtained in this way are no 1“ C1 . 

They are usually coloured brown. To obtain purer ci>s a , 

the impure substance in a little water and boil the rob® ' 

powdered charcoal (preferably ‘decolorizing c arcoa ) 

ten minutes. Then filter the liquid and leave it in a warm place to 

"XSS ^He'rlut a saltspoonful of citric acid crystals into an 
old teaspoon. Hold the end of the spoon in ai paper ^ ^ ^ ^ 
the substance over a small flame. I nc > , n ow 

then give off a vapour which sets on ™ f Yblack 

flame. Remaining on the spoon after . , . organic sub- 

deposit of carbon, which shows that by continuing the 

stance. The carbon can be burned ofl th p y 

hea ‘‘ n £'. . „ , - m Citric Acid. Put two saltspoonfuls 

ofduS g c"SX al'amount of iron filings into a test- 
tube. Add a fcw drops of water and warm the tube. When die 

effervescence becomes fairly brisk remove t ic uc r 

Test for hydrogen by putting your thumb over the «d °f‘1 e tube 

counting five, Ld then applying a lighted taper or spill to the 

° r imtead C of iron filings some small pieces of zinc out be useth In 

either case the giving off of the hydrogen is grenrly promoted by 

adding a couple of drops of copper sulphate solution to the tube. 

Maiing sLuuru Citrate Crystals. Warm about an inch ol 
Citric acid crystals in a test-tube with an inch of water. When 
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crystals have dissolved put the hot solution into an evaporating-dish 
and add a little powdered washing-soda to the dish. There will be 
effervescence due to the giving off of carbon dioxide. Continue 
adding powdered washing-soda in small amounts until effervescence 
ceases, showing that the acid has been used up. Evaporate the 
remaining solution on a gauze and tripod until about one-third of 
the liquid remains. When the solution is left to cool white crystals 
of sodium citrate will be obtained. 

An Exception to the Rule. It is a general rule that the solubility 
of solid substances in water increases with rise of temperature. An 
exception to this rule is calcium citrate, which is less soluble in hot 
water than in cold water. This can be shown as follows. 

Put two saltspoonfuls of chalk into a test-tube and add one or two 
drops of a fairly strong solution of citric acid. Carbon dioxide will 
be given off. \\ hen the action stops add another drop or two of the 
acid solution until the chalk has just completely dissolved. The clear 
liquid will now be a solution of calcium citrate. 

Hold the tube in a paper holder and warm the solution over a 
small flame. A white precipitate of calcium citrate will form in the 
liquid, because ol the smaller solubility of this substance at higher 
temperatures. 


Glucose 

Common Name: grape-sugar. Chemical Formula: C 6 H, 2 0 6 . 
Glucose is called grape-sugar because of its occurrence in grapes. 
It is also present in table syrup, black treacle, and ripe apples. 
Commercially, glucose is a constituent of the proprietary article 
Glucodin, and is widely used as a cheap sweetening material for 
confectionery and sweets. The sweets called barley-sugar are made 
hugely ot glucose. Glucose is only about half as sweet as ordinary 
sugar but is more easily r.jgcsted. It is manufactured by boiling 
starch with dilute sulphuric acid (see p. i i i). 

Glucose belongs to a class of organic substances called ‘carbo¬ 
hydrates.’ These arc substances made up of carbon, hydrogen, and 

oxygen, the hydrogen and oxygen being in the same proportion as 
in water. 

Action of Heat. For this experiment use a small piece of barley- 
sugar or a little Glucodin. Heat the glucose on a tin-lid held in a 
pair of pliers or pincers. The substance will melt and turn first 
brown and then black, a smell of burnt sugar being given off. The 
final black residue of carbon is called sugar charcoal. It is a very 
pure form of carbon. 

Distinguishing between Glucose and Ordinary Sugar. A 

solution of glucose when warmed with copper hydroxide causes a 
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yellow precipitate of cuprous oxide to be formed, the colour 
of the precipitate gradually turning to red. This experiment is 
described at p. 73. A solution of ordinary sugar does not answer 

to this test. . r 

Testing for Glucose in Apples and Sweets. Cut three or four 

pieces of apple about the size of a pea and put them into a test-tube 

with a teaspoonful of washing-soda crystals. Add about an inch o 

water. Hold the tube in a paper holder and heat it over a small 

flame. When the liquid begins to boil continue the heating for three 

or four minutes. A reddish brown solution will gradually form in 

the tube and the colour will gradually darken until it is almost black 

At the same time a faint smell of burnt sugar will be given ofT. 1 his 

test also is not given by ordinary sugar. , 

In the same way you can test for glucose in barley-sugar and othc 

kinds of sweets. 


Glycerine 

Chemical Name: glycerol. Chemical Formula: CjHgO,. 

Pure glycerine is a colourless syrupy liquid which absorbs mo,store 
very readily. It has a sweet taste and no smell and has no act on 

on litmus paper. Glycerine is obtained as a X"P r ,? . . 

manufacture of soap (see p. .09). It is used medic,nally and ,n the 

manufacture of explosives and shaving-cream. 

A Test for Glycerine. Heat a few drops of glycenne in a dry 
test-tube with a little powdered sodium b.sulphatc A vap 

called acrolein is given off, with a penetrating sme o ‘ . 

A Curious Colour Change. Dissolve a saltspoonful of borax m 

half a test-tubeful of water and add one or two drops olph l 
thalein solution. The liquid will turn a rose-re co out. o 
a weak solution of glycerine by dissolving one drop of 8^ ^ 1 
an inch of water in another test-tube. Add the glycerine solution 
drop by drop, to the borax solution until the red colour disappea^ 
If now the tube is warmed the red colour will reappear, on y 
vanish once more when the tube is cooled. This can 5C iep 

often as desired. . . • , 

A similar effect is obtained by using sugar solution in p « 

B '^Oxidation GI^ceHne. Add a few deeps of hydrin pemxide 

and a small crystal of ferrous sulphate to half an inc 1 o g jre 

a test-tube. Hold the tube in a paper holder an ' var „l V cerine 

over a small flame. A vigorous action will take place, g > 

being oxidized to a substance called glycera c ly c. lta ; ne d 

product add it to a blue precipitate of copper iy i" 0 * When 

with copper sulphate solution and sodium hydroxi e so 
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the tube is warmed a yellow precipitate (which turns red) of cuprous 
oxide will be formed. 

Action on Sugar. Put into a dry test-tube half an inch of 
glycerine and an equal amount of sugar. Heat the tube over a small 
flame. A black mass of carbon will be formed in the tube. 

Action on Cobalt Chloride Solution. This is another interest¬ 
ing colour change. Dissolve a saltspoonful of cobalt chloride in an 
inch of water in a test-tube and add half an inch of glycerine. When 
the tube is warmed the red colour of the liquid will change to a 
beautiful violet-blue colour. The red colour will return when the 
tube is cooled. 


Milk 

Besides water milk contains fat, milk-sugar (or lactose), and a 
chemical called casein. When milk is allowed to stand the fat rises 
to the surface as cream. In the manufacture of butter and cheese 
the cream is separated. The remaining watery liquid, known as 
skimmed milk, is a solution of milk-sugar and casein. For many 
years little use could be found for skimmed milk beyond evaporating 
ofT the water and selling the resulting powder as ‘dried milk.* 
Nowadays skimmed milk is an important material, because the 
casein which it contains is used for making one of the chief kinds of 
plastics, the casein plastics. These are described at p. 208. 

Obtaining Casein from Milk. This is done by causing milk 
to curdle by means of an acid. You can use skimmed milk or 
dried milk which has been reconverted to milk by mixing with 
warm water (sec the instructions on the tin). If ordinary milk 
is used, allow it to stand for a time and pour off the top layer of 
cream. 

Warm half a bcakerful of the milk, but stop heating before the 
beaker becomes too hot to hold in the hand. Pour into the beaker, 
while stirring the milk with a glass rod, a test-tubeful of vinegar. 
The milk will immediately curdle. Remove the curd with a spoon 
on to a newspaper and squeeze out the moisture by folding the paper 
and pressing. The spongy mass left is casein. 

Milk also curdles when it turns sour. This action is caused by 
germs, or bacteria. I hese change the milk-sugar into an acid called 
lactic acid, which, like vinegar, precipitates the casein as a curd. 
Lactic acid has the chemical formula C 3 H e 0 3 . When it is pure it 
is a white crystalline substance. It can be prepared from sour milk, 
and its properties investigated, as now described. 

Making Lactic Acid from Milk. Leave a cupful of milk on a 
shelf for a few days until it has gone sour. Pour off the watery liquid, 
leaving as much as possible of the white curd behind. Filter the 
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liquid and boil it in a beaker for a few minutes. This will help to 
precipitate any finely suspended matter. Allow the liquid to cool 
and again filter it. The filtrate will now be an almost colourless 
solution of lactic acid. Test it with blue litmus paper. 

Use half of the solution to do the tests described below and the 
other half to obtain crystals of lactic acid. The crystals are obtained 
by boiling the solution in an evaporating-dish on a gauze and tripod 
until the volume of the solution has been reduced to about one- 
quarter. The evaporation is completed by leaving the dish in a 
warm place, such as the bottom of the airing-cupboar . 

Tests on Lactic Acid Solution, (i) Add a little of the solution 

to some chalk or baking-soda in a test-tube. Note the effervescence 
due to the giving off of carbon dioxide. Test loi t e atter 

lime-water. . 

(ii) Warm a little of the solution with a few iron filing 5 - bite- 

vescence will occur again, this time due to the giving o ° > I0 ^ e * j- 

The action is improved by the addition of a couple of dropf 
copper sulphate solution, but it is difficult to obtain su ci 
hydrogen to test by explosion with a lighted spill. 

(iii) Boil about an inch of the solution with two or three drops 
dilute sulphuric acid for a few minutes. Allow the iqui o 
and then add it to a copper hydroxide precipitate o ^ tainc r °. 
copper sulphate and sodium hydroxide (see p. 73 )- lcn . • 
is warmed a yellow precipitate (which turns red) o cupious 

will be formed. 


Naphthalene 

(Moth-balls) 

Chemical Formula: Ci 0 H 9 . r 

Naphthalene is a white substance, with a gi easy ce an a P 

penetrating smell. It belongs to a class of organic su ^ tanc< ‘ , 

‘hydrocarbons.’ These are substances composed of hydrogen and 
carbon only. Most hydrocarbons (e.g., petrol an cnz . 
dangerously inflammable, and should not be use or expe 
at home. Naphthalene, however, is quite safe to use or ie 

ments described here. . , 

Naphthalene is obtained as a by-product in t ie manu _ 

coal-gas. Its chief uses are for making dyes, protecting c o 
moths, and getting rid of insect pests in soil. It is inso u 

but dissolves in methylated spirit. c ..h«tj*nre 

Evaporating Mothballs. It is most unusual fora solid substance 

to evaporate away when left out in the air. I his, iowcv , ‘ e 

with naphthalene. Leave one or two moth-balls on a sa ^ 

in the open air. If you examine them a few days later y 
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that they have become a lot smaller, due to evaporation. In about 
a week they will have disappeared completely. 

Burning of Moth-balls. Like all hydrocarbons naphthalene 
burns readily. Crush a moth-ball and put a little of the powder into 
a metal screw-cap. Hold the latter in a pair of pliers or pincers and 
heat it over a small flame. The white powder will melt and then 
set on fire, burning with a very smoky flame owing to the high 
percentage of carbon contained in naphthalene (about 94 per cent 
of the substance consists of carbon). 

Obtaining Naphthalene Crystals from Moth-balls. Put 
four or five moth-balls into a jam-jar and place a funnel in the top 
of the jar. Stand the jar in a saucepan containing some water (about 



Fig. 31. Method of obtaining Crystals from Moth-balls 

an inch deep). Heat the water until it just begins to boil and 
then remove the saucepan from the flame. In a few minutes beau¬ 
tiful starry crystals will be deposited on the sides of the jar and 
tunnel. If you remove the funnel and blow it gently, the crystals 
will float off into the air and glisten brightly as they slowly fall. 
Instead of a funnel you can use a glass plate over the jar. 

In this experiment the moth-balls do not melt but change straight 
into vapour which condenses again on the cooler part of the jar and 
funnel This change is called sublimation. It is similar to the 
subliming of ammonium chloride (p. 59). 

On a hot summer day moth-balls can be made to sublime merely 
by leaving them in a jam-jar on a window-sill where sunlight falls 
on the jar. Starry crystals again are formed. 

Another method of making naphthalene crystals, but of a different 
shape, is to dissolve about two saltspoonfuls of the powdered sub¬ 
stance in half a test-tubeful of methylated spirit by shaking (do not 
warm methylated spirit). Leave the solution in an evaporating-dish 
on a shelf to evaporate. Naphthalene crystals will be obtained in 
the form of pearly plates. 
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Soap 

At one time soap was manufactured almost entirely from beef- 
and mutton-fat, but it is now made chtefly from vegetable o.ls 
(olive-oil, palm-oil, coconut-oil, etc.). These are compound.of 

glycerine with three organic acids, stearic ac.d palm.t.c acid and 

oleic acid. When the fat or oil is boiled with sodmm hydrox.de solu- 
tion it splits up into its separate 


SAUCER 


parts: glycerine and the three ^ 

acids. The latter combine with 
the alkali to form soap, which 
is thus, from the chemical point 
of view, a mixture of sodium 
stearate, sodium palmitate, and 
sodium oleate. If we take 
stearic acid to represent the 
three acids, we can write the 
chemical action as follows: 

Glyceryl stearate + 

(fat) 

sodium hydroxide —► glycerine 

+ sodium stearate. 

(soap) 

When the boiling is complete 
the soap is precipitated and 
made to float on the surface 
by adding salt. The soap is 

then separated from the under- rilt fo t he 

lying liquid and allowed to set. After it has dned it » cut to 

required size, stamped, and packed by mac niery. 

Making Soap. This preparation can be earned out w.tl. 

fat, mutton-fat, lard, or olive-oil. r from 

Put an egg-cupful of beef-dripping (which n™ st , dilute 

salt) or olive-oil into a beaker with about three times» Q f broken 

sodium hydroxide solution. Add three or four sma P L> ca ker 

tile or flower-pot to ensure steady boiling and to prevent the beak^ 

from ‘bumping.’ Cover the beakerwuhasmall^ueer^e J ^ 
some cold water into the saucer (1 ?/ he boiIi L and prevent 

saucer is to condense the steam given off C ntly at first, 

the liquid from drying up. Warm the bea . .j lC heating 

moving the flame about. When boiling egins con ^ Keep the 

with a small flame, the tip of which just touches qn.cn turn out 

contents of the beaker boiling for about half an hour I hen turn 

the flame and allow the beaker to cool in a basin of cold 



F10. 32. Method of making Soap 
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When the beaker is quite cold skim off any fat, or pour off any 
oil, which remains on the surface of the liquid. Add two teaspoon¬ 
fuls of salt to the beaker and dissolve the salt in the liquid by 
stirring. A white jelly-like precipitate will separate out. This is 
soap. Run off the liquid from the beaker, keeping back the soap 
by means of a spoon. Swill the soap in the beaker with two or three 
lots of cold water to free it from alkali and salt, pouring away the 
liquid after each washing. 

Test the soap which you have prepared by rubbing a little between 
the fingers. Note the soapy feel. Put a small piece of the soap into 
a test-tube with some warm water and shake the tube. An abundant 
lather will be produced. 

Tests on Household Soap, (i) Dissolve a small piece of house¬ 
hold soap in half a test-tubeful of warm water. Test the solution with 
red litmus paper. The paper should not change. Add one or two 
drops of phenolphthalein solution. The liquid will turn pink. A 
solution of good-quality soap is a very weak alkali and, although it 
will affect phenolphthalein, it is usually too feeble to change litmus. 

(ii) Dissolve a piece of soap about the size of a pea in half a test- 
tubeful of warm water. Cool the tube and add a teaspoonful of salt. 
When the tube is shaken the soap will separate out as a white 
precipitate on top of the water, because it is insoluble in salt-water. 
This explains why it is very difficult to obtain a lather when you 
wash your hands in sea-water with soap. 

(iii) Add a few drops of lime-water to a solution of soap and shake 
the tube. A precipitate of calcium stearate will form as a scum on 
the surface of the water. This precipitate is important in connexion 
with hard water (p. 128). 

Making Inflammable Soap. Inflammable soap can be made 
from ordinary household soap and methylated spirit. 

Put two or three small pieces of soap into a test-tube and add an 
inch of methylated spirit. Hold the test-tube in a pan of hot (nearly 
boiling) water for a minute or two and gently shake the tube. The 
methylated spirit will dissolve some of the soap. Pour the liquid 
from the tube into an egg-cup, where it will immediately solidify 
and form a small cake of soap. Remove the cake with a penknife on 
to a tin-lid and apply a light to it. It will burn for quite a long time. 

Starch 

Chemical Formula: (C fl H 10 O 6 )„. 

The exact chemical formula of starch is not known. The substance, 
like glucose, is a carbohydrate and contains carbon, hydrogen, and 
oxygen in the proportion C 6 H 10 O 6 , but the complete molecule is 
much larger than this. The formula is usually written as shown 
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above, n being a large number (possibly forty or fifty). Starch ms 
present in nearly all plants; potatoes barky, wheat, and " 

used as commercial sources. It is used for st.lTen.ng l.nen in laundr.es 

and for mating adhesive pastes and glucose neromnosition 

Action of Heat. Heat a little starch on a tin-ltd. De“ m posmon 

will take place and inflammable gases, which smell like= burning 
leather, will be given off. A black res.due of carbon will remain on 

“on with Water. Shake a small pinch of powdered starch 

with half a test-tubeful of water. The starch will not 

the liquid by adding one drop of iodine solution. No reaction 

bC Nowboil a small pinch of starch with half a test-mbeM of water 

for a few seconds. The starch will dissolve. Cool the t d - d 

tap and add one drop of iodine solution. A deep bluc-black liquid 

W *Testing I AdIiesive for Starch. Shake a drop of the p^.e 

with a little water in a test-tube and add a mm blue . 

If the paste contains starch the contents ronta ; ns a chemical 

black. If a red colour is obtained the paste con . 

called dextrin, which is made from state . sta rch 

Making Glucose from Starch. Boil a salts P b i su lphate 
with half a test-tubeful of dilute sulphuric aci or ^ the n qu id 

solution for two minutes. Then pour o ‘ l d tc . st it by adding 

into another test-tube, cool it under the tap and test it Dy £ 

a drop of iodine solution. The liquid will urn red he sta 
been changed into dextrin, a substance which, 1 ; k " “ S ed m be 
the formula (C 6 H 10 O 5 ) n . In this case, however, « PI 

a much smaller number than for staich. another three 

Continue boiiing the remainder of ^hqtndjor a^othe^ ^ 

minutes. This will convert the dextrin 8 neutralize it in an 
glucose has been formed, cool the liqui an J h drOX jdc solution 
egg-cup with dilute sodium carbonate or s neutralized 

(tit with litmus paper). Add ^‘“ade from solutions of 
solution to a precipitate of copper hydi - tube warmed a 

copper sulphate and sodium hydroxi c idevvi n be obtained, 

yellow precipitate, which turns red, of cupi 

Sugar 

Chemical Name: sucrose. Chemical Formula. Gw 2 b is manufac- 
Likc glucose and starch sugar is a carbohydrate. 

tured from the sugar-cane or sugar-beet. substance 

Action of Heat. Heat a little sugar on atin-ld. it is 

will melt and form a liquid, which soon will turn brown 
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cooled at this stage the brown solid obtained is called caramel. When 
heated more strongly the sugar decomposes giving off inflammable 
vapours and leaving a black mass of sugar charcoal on the lid. 

Action of Sodium Bisulphate. Mix together a saltspoonful of 
sugar and a saltspoonful of powdered sodium bisulphate. Heat the 
mixture in a dry test-tube. The contents of the tube will swell up 
forming a black puffy mass of carbon. 

Making Glucose from Sugar. Boil a saltspoonful of sugar in 
a test-tube with an inch of dilute sulphuric acid or sodium bisulphate 
solution. Keep the liquid boiling for two or three minutes and then 
cool the tube under the tap. To show that the solution now contains 

glucose, first neutralize the remaining acid 
with sodium carbonate or dilute sodium 
hydroxide solution (test with litmus paper). 
Then apply the copper hydroxide test as 
described at p. 73. 

A Colour Reaction. Sugar has a similar 
action to glycerine on borax and phenol- 
phthalein (p. 105), but different strengths 
of solutions are required. 

Dissolve half a saltspoonful of borax in a 
test-tube nearly full of water and add one 

Fk the Fermenta or two drops °* phenolphthalein to obtain a 
tio.n of Sugar by Yeast rose-red liquid. Now add solid sugar, a 

little at a time, and shake the tube. The 
colour will disappear. Heat the tube; the colour will re-appear, 
only to vanish again when the tube is cooled under the tap. 

Fermenting Sugar with Yeast. Fermentation is a chemical 
action caused by lowly forms of life, such as bacteria and moulds. 
We have already seen an example of this in the turning sour of milk 
(p. 106). Baker’s yeast is a simple form of plant life which, under 
suitable conditions, is able to turn sugar (and starch) into alcohol 
and carbon dioxide. In bread-making it is the carbon dioxide gas 
which puffs up the dough and makes the bread light. 

Dissolve a teaspooniul ol sugar in a cupful of water and put the 
solution into a flask which is fitted with a delivery-tube dipping into 
lime-water (Tig. 33). Add a teaspoonful of yeast (a baker will usually 
oblige) and leave the apparatus in a warm place, such as a shelf of 
the airing-cupboard. In an hour or two the contents of the flask will 
begin to iroth and the lime-water will turn milky, showing that 
carbon dioxide is being given off. 

If the flask is left for two or three days and the contents are then 
filtered, alcohol can be obtained from the filtrate by distillation. 
The reader should be warned, however, that it is illegal to distil 
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alcohol, and an offender is liable to a long term 
besides having his apparatus confiscated! When the. d*tdlauon * 
done in a laboratory the first few drops of the fume^by 

distillation burn with a blue flame, which is chai actens 

Tannic Acid 
(Cold Tea) 

This acid is present in ‘ stewed ’ tea and in oak-galls. The j^e™cal 
formula is complicated and uncertain. The experiments here.de^ 

cribed can be performed with the liquid <- t in ."V of tannic: a.ci<i 
end of a meal. Alternatively, you can make a 

by cutting an oak-gall into pieces and bo g . powder. 

The acid can also be bought at a chemist s shop as a P 

It is sometimes used in tannic acid jelly lor dressing bums, but 

treatment is now out ol date. n »- ferrous 

Action of Ferrous Sulphate. Wash a 

sulphate in a test-tube with water and poui aw > uould react 

is to remove any surface layer ot lerric su p ia c Dissolve 

with the tannic acid, as described in the next exp drops 

the crystal in half a test-tubeful of cold water and add a lew I 
of cold tea. A violet-coloured liquid will be loimc solutio n 

Action of Ferric Salts. Add a few drops of co d tea to a sol 

of iron alum or ferric chloride. A black precipi a 

will be obtained. This black subslat.ee » the bas.s of most type 

blue-black ink (see p. 76). .. . dilutc sulphuric 

Action of Dilute Sulphuric Acid. Add a l c ^ ^ 

acid or sodium bisulphale solution to ha a c :„: llt i 0 n of tannic 
The liquid will become cloudy, owing to the prec p■ . 
acid from the tea. If the liquid is now tested - h a fe- ^ 
solution, as in the previous expenment, no black p.c I 

be formed. . , lime-water to an 

Action of Lime-water. Add about an in ^ ^ mixture. A 

equal amount of cold tea in a test-tu )c . , f lan nic acid, 

reddish-brown precipitate, containing the calcium salt ol 

will be produced. 

Tartaric Acid 

Chemical Formula: C 4 H 6 O 0 . manufactured from 

Tartaric acid is a white crystalline su >stan comm<jnly used as an 

grape-juice. It is only a very weak add. ^ potassium hydro¬ 
ingredient of effervescing health salts a , ’ me of‘cream of 

gen tartrate, is used in baking-powder under the name o 

tar Tanarie acid is similar in most of its chemical actions to citric 
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acid (p. 103). Thus it liberates carbon dioxide gas from carbonates 
and bicarbonates and it gives hydrogen when warmed with iron 
filings or zinc. 


Vinegar 
(Acetic Acid) 

Vinegar is a weak solution (4-5 per cent.) of acetic acid. Pure 
acetic acid is a colourless liquid, which in cold weather solidifies to 
ice-like crystals called glacial acetic acid. The chemical formula of 
acetic acid is C 2 H 4 0 2 . It is only a weak acid, but, like citric and 
tartaric acid, it yields carbon dioxide with chalk, baking-soda, etc., 
and hydrogen with iron filings and zinc. Acetic acid is used in the 
manufacture of artificial silk, ‘non-flam’ celluloid (p. 228), and 
various chemicals. By treating copper with acetic acid in the 
presence of air a greenish-blue pigment called verdigris (impure 
copper acetate) is obtained. 


Making Verdigris from Copper and Vinegar. Put a copper 
coin in a saucer and pour a few drops of vinegar on to the surface 
of the coin. Leave the coin undisturbed for a few hours, until the 
liquid has evaporated. Greenish-blue particles will be left on the 
surface of the coin. Scrape these off on to a piece of white paper 
and wash the coin. If the coin is an old one black copper oxide 
previously on the surface will have been removed, but black copper 
sulphide (see p. 71) will still remain. 

Decolorizing Vinegar. This can be done by boiling the 
vinegar lor a time with decolorizing charcoal, which can be bought. 
Ordinary charcoal is not very successful. The following method 
works lairly well if the vinegar is first neutralized with ammonia. 

Hall fill an egg-cup with vinegar, and put in a piece of litmus 
paper. Add dilute ammonia to the egg-cup (stir the liquid) until 
t be litmus paper just turns blue. Transfer the liquid, now a solution 
of ammonium acetate, to a test-tube, add a few drops of hydrogen 
peroxide, and boil the mixture. In a few minutes the brown colour 
will disappear, being destroyed by the oxygen from the hydrogen 
peroxide. Use the liquid left for the next experiment. 

Testing for Acetic Acid in Vinegar. Cool the neutralized acetic 
acid remaining from the previous experiment under the tap. Add 
to it a few drops ol iron alum or ferric chloride solution. The liquid 
will turn a bright red colour. 
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Miscellaneous Experiments 

Some Home-made Apparatus 

Certain items of apparatus which are very useful in experiments 

are rather expensive to buy. In the earlier part of thei book^subsu 

tutes which could be used in many cases were suggested D ^tions 

are now given for making at home, at practically no cost, 

for a stand and clamp, mortar and pestle, and a tripod 

While it is not pretended that the substitutes are “ be 

real articles, they will prove useful until the rea 

bought. The only expense involved in making the substitutes is th 

buying of three or four pounds of cement from a decorator s shop 

wUch will cost about sixpence. Plaster of Pans can be used in ,1 

of cement—except for the mortar and pestle-but is a * more 

expensive. The other materials can most y c oun carc l- 

A Stand and ‘ Clamp.’ The materials required are a flat caid 

board lid, a circular wood rod, cement or plaster of . h 

stout copper wire. The cardboard lid should be six 01 

long and four or five inches broad. For the ro ^ c , • - ta ^l e> 

from twelve to eighteen inches long and ha an inc 

Firs, make a hole through the rod about ten inchesthe^end 

which is to be the bottom of the upright. ' c . nliers 

or it can be made by means of a hot nail held in a pairof,phe^ 

Put two cupfuls of cement or plaster of Palis into .8 ^ 

Make it into a stiff paste by adding water to the, CL ™ f p ariSj 

to the plaster of Paris. Cold tea is used for the P‘““ r ^ 

because the mixture sets more slowly than wit 1 wa 1 

more time for working. , i : nto so 

Fill the cardboard lid with the paste and pi css t 
that it stands upright. If you have difficulty m making he ok 

upright on its own, owing to the paste being lat^ic^^ ^ ^ ^ ro d 
under one side of the lid, so as to tilt it, twenty-four 

against the wall. Leave the lid and rod un lstv ^‘ J par}s sett j n g will 

hours to allow the cement to set. With p as f . embedded 

occur in about half an hour. The rod will now be firmly en 

^ lid. • if necessary, this 

Obtain about a foot of thick, bare copper t ician > s . Thread the 

can be bought for a copper or two at an three inches at one 

wire through the hole in the rod and wrap about three mches 
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end round the rod. Articles like test-tubes and flasks can be sup¬ 
ported by wrapping two or three turns of wire at the other end 
round them. The arrangement is shown in Fig. 34. 

A Mortar and Pestle. These are desirable items in any chemical 
outfit. It is often necessary to powder chemicals which are in the 
form of lumps or large crystals, and this can be done most quickly 
and conveniently in a mortar by grinding with a pestle. A mortar 



Fig. 34. A Home-made Stand 
and 4 Clamp * 



Fio* 35 - Method of making the 
Hole por a Mortar (M); 
a Pestle (P) 


and pestle can be made at home from a mixture of cement and sand 
and suitable moulds in which to shape the mixture. 

Greengrocers usually sell mustard-and-cress in small boxes made 
of thin strips ol wood. One of these boxes serves excellently as a 
mould for the mortar. Alternatively, a tall tobacco tin or a card¬ 
board box measuring four or five inches square and three or four 
inches high can be used. An egg-cup with a curved inside makes a 
satisfactory mould for the pestle. 

To make the mortar, line the inside of the mustard-and-cress box 
with brown paper so that no holes are left. Mix together in a large 
basin three parts ol powdered cement to one part of clean sand. 
The quantities required will depend on the size of the box, but pro¬ 
bably six tablespoonfuls of cement and two tablespoonfuls of sand will 
be sufficient. Extra hardness in the finished article can be obtained 
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by substituting a little fine gravel (the kind sometimes spread on 

roads is suitable) for some of the sand. 

Add water, a little at a time, to th ^ “^k porrid^Tor dough, 
spoon until the mixture has become hke a becomcs 

If you add too much water accidentally, th ink the 

thin, add a little more cement and stir it in W _> ^ ^ about 

mixture has the right thickness trans er su corners of the 

three-quarters of the box. Press the mixture into the corners 

box with the back of the tablespoon. mixture. This can 

Now make a circular hole in the middle ofthe mixtu 

be done with a wooden stocking-men er, as object of 

or with the bottom of an evaporating-dish a ball or any £ ^ 

suitable size and shape. Press well own 1 Q f the box. 

the hole extends to within about an inch ofthe bottom 
A deep mortar is more satisfactory in use than a shallow o ^ 
the mixture is of the right thickness the hole udl^oug 1 # ^ 

shape when you remove the stocking-mender bmootn 

the hole with your finger or the bac o a spo • a nd sand 

Leave the box on a shelf for a day or two. The ceme^ 

mixture will then have set, forming concre . \\ have set, 

will not yet be ready for use. Although the nu*. and 

it will not have hardened. Hardening C P mortar is left 

this takes several weeks to complete. ^ ^ h to usc . Drying 
for a fortnight in a dry place, it will leaving the mortar 

should be gradual, so do not try to i y k appearing in 

in a warm place. Too rapid drying away the wood 

the surface. Before leaving the mortar ^evenness on the sides 
and paper around it and smooth aw > * y 

of the mortar with sandpaper. , tirritw material can be 

A pestle is not actually required, because lumpy mat,^ ^ 

powdered in a mortar quite easily wi thc ; Q b in a more 

Since, however, the reader may pre c ^ wi jj now be briefly 
professional manner, the making ot P . d ut at the same 
described. This operation is conveniently carried 

time as the making of the mortar. Smear a little fat or 

Obtain an egg-cup with a curved ‘ ins ‘ c ’ t from sticking to 
margarine round the inside to prevc . as been made fill 

the sides. When the cement and san mix a c i 0 thes-peg (or 

about three-quarters of the egg-cup wit i i • into it) head 

a short length of wood rod with a ^ n0t ^ ure do wn well. If 
downward into the mixture and pres thin, and you 

the clothes-peg tends to fall over, your mix 

must make it thicker with more cement. da y Qr two 

As in the case of the mortar, leave the egg-cup 
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until the cement has set. Then run the point of a penknife round 
the edge of the cement and remove the pestle from the egg-cup. If 
you have difficulty in doing the latter, warm the egg-cup by holding 
it well above a flame, and try again. If the pestle is still obstinate, 
moisten round the edge of the cement with a few drops of vinegar, 
wait for five minutes, and try the penknife again. The pestle will 
then come out easily. After smoothing the surface of the pestle with 
sandpaper leave it to dry and harden for a fortnight before using it. 

A Tripod. You can make a serviceable tripod from an ordinary 
can with the help of a tin-opener and a pair of old scissors. As there 
is some risk of cutting yourself on the jagged edges of the can, 

however, the author 
recommends that you 
enlist the help of your 
father or an adult who 
is used to handling a 
tin-opener for the first 
part of the operation. 

The can should 
measure at least four 
inches across the top 
and be at least six 

F.O. 36. Method oe mak.no a Tr.pod inchcs hi g^ Most cans 

from a Can are not tall enough to 

make a tripod which 

can be used with a Bunsen burner, but the height can be increased 
to the desired amount, as shortly described. 

First cut out the top of the can completely with the tin-opener. 
Then, starting from the bottom of the can, make six vertical cuts 
at equal distances (as shown in Fig. 36 (a) ) to within an inch or so 
from the top of the can. Next cut round and remove the base of the 
can. A hammer and an old screwdriver will help in getting past the 
seam where the sides are joined. Remove three alternate sections 
of the sides of the can, leaving three sections still attached to the top. 
Cut and shape the jagged edges of the remaining sections with the 
scissors as shown in Fig. 36 (6), and hammer down any sharp edges 
left. By bending the sections outward you will now have a small 
tripod. 

The tripod so far constructed, however, will have two faults. It 
will be too low, and it will be too easily knocked over. Both these 
drawbacks can be overcome at the same time in the following way. 

Obtain three ordinary match-boxes and cut away the cardboard 
at one end of each box. Fill the boxes with a thick paste made from 
cement and water or from plaster of Paris and cold tea. Insert the 







MISCELLANEOUS EXPERIMENTS 119 

three legs of the tripod into the mixture in the three boxes to a depth 
of about half an inch. In a few hours the pastejw.ll have set and 
legs of the tripod will be firmly embedded. The tnpo 
ready for use (see Plate 1). 

Match Tests for Metals 

This is a simple but effective method 
from their compounds on a small scale. I T 

match, but the results are seen better tf a wood 
illustrate the method the only chemicals required are cashing sou 

and a little copper sulphate or ferrous sulphate. a few 

Hold a lump of washing-soda in the ^ | e t ° c ‘ lower half of the 
seconds until the outer suiface melts. 1 so t hat the 

match on the melted surface, and turn t c ma ^ coatc d part 

wood becomes covered with a layer o s * . off the water of 

of the match through the flame a few r of an hydrous 

crystallization from the soda, leaving a 

sodium carbonate. Cl1 ir»hate with the back 

Finely powder a few fragments of copp thc P p arC d ma tch for 

of a spoon in an egg-cup. Heat the c Sorncof the chemical 

a second and dip it into the coppei su p ‘, r _ a f ew seconds 

will stick to the end. Hold the end of the match for a few « ^ 

in the luminous part of a small flame (a can , ■ particles of 

well). If the end of the match is now examined shiny panic 

metallic copper will be seen. ....lnh-ito in place of 

If the experiment is repeated with ferrous sulp of lhe 

copper sulphate small fragments of iron ui ^ attracted by a 

match. It can be shown that this end o n ca d oxide) by 

magnet. Lead can also be obtained from red lead (lead 1 

the above method. 

Making a Flame-test Wire 

In analysing substances chemists often use a pUUnum wirei msei 
into the end of a glass rod to carry out flame tesu(P■ made 

bead tests (see next section). A good s . u _,j ‘ h t bulb. if you examine 
from the materials in a discarded electric- g attached to two 

the bulb you will sec that the lighting i a metal composing 

thicker wires which arc sealed into the g as . q j ie substitute 

these wires is a nickel-iron or nickcl-chiomium w hich is in the 

U made by sealing one of the wires into the glu■ hlCh 

middle of the bulb and supports the lig t J n S ‘ t j i( , brass C up. 
The first step is to separate the glass )u bulb with a 

This, of course, could be done by . S ™Vbe g dangerous but would 
hammer, but this method would not on y 
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probably break the glass rod which is required. A neater method 
is to cut off the glass bulb. Make a fairly deep scratch with a three- 
cornered file on the narrow part of the bulb near the brass cap. 
Starting from the file mark, lead a crack round the glass, as described 
at p. 32. A gentle tap will then detach the glass bulb without 
difficulty. 

Gut off the two wares with a pair of old scissors and similarly 
remove the lighting filament. Cut off also the short length of glass 
rod with the aid of a three-cornered file as described at p. 31. To 
insert the metal wire, warm the cut end of the rod at first gently and 
then more strongly until the glass becomes cherry-red in colour and 
soft. Warm also one end of the w'ire and then press the wire into 
the softened glass to a distance of about quarter of an inch. Allow 
the glass to cool. Your platinum wire substitute will now be 
complete (Fig. 37). 

0 _ 



u 

Fio. 37. A Flame-test Wire 

To clean the wire between tests, leave it soaking in w r atcr for a 
time. Before applying a new test heat the wire strongly until it 
ceases to give a colour to the flame. 


Borax Bead Tests 

Borax is a white powder and has the chemical formula Na„B 4 0 7 . 
10H0O. The well-known borax bead test is used in chemical 
analysis to test for the presence of certain metals in substances. 

Put a teaspoonful of borax into an egg-cup and have ready some 
of the following chemicals: copper sulphate, cobalt chloride, ferrous 
sulphate, manganese dioxide, chrome alum, and nickel sulphate. 
Only a few grains of each chemical in powder form are needed 
for the tests. 

Place an evaporating-dish or white saucer beside your Bunsen 
burner. Heat the end of the flame-test wire in a hot flame and dip 
it into the borax. Some of the latter will stick to the wire. Heat the 
end of the wire again at the tip of a hot flame. The borax will first 
swell up and then form a colourless bead at the end of the w'ire. 
Make the bead a little larger by dipping the end of the wire again 
into the borax and heating once more. 

Now pick up on the hot bead the tiniest speck that you can see of 
one ot the chemicals. Heat the bead strongly for a minute or tw r o 
and then knock it off into the evaporating-dish or saucer by quickly 
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tapping the wire (not the glass) on the edge of the dish saucer. 

The bead will be coloured according to the meta p 

i ^4-ill he ns follows. 


i Metal I 

Colour of Dead 

Copper 

Blue-green 

Iron 

Yellow-brown 

Cobalt 

Deep blue 

Manganese 

Wine-red 

Chromium 

I Green 

Nickel 

Violet-brown 


If a black bead results this is due to your having pic e up 

chemical on the borax. In wh ich 

bead, pick up more borax, and heat it with the m 

remains on the wire. chemicals, heat the 

To clean the wire between tests on different ^ ^ ^ 

end of the wire and then dip it into iva . . j wire 

three times you will get rid of the traces ol chemical left 

ar A r ,thou h g h CS at least two of the metals iit^the list given are^present 

in the metal alloy composing the u > ^ . when they do 

the tests until the wire has been use persistent brown 

begin to interfere-and this is usually shown by a pe.s.st 

bead caused by nickel— the wire must be disc a 

A Home-made Blowpipe 

A blowpipe is used to concentrate a of a blowpipe 

area and thus obtain a hotter flam • nossible with the 

you can carry out experiments vvhic arc d j fig. 38 is 

ordinary Bunsen burner. The blowpipe ^ tubing, 

easily constructed from an oil-can sp > 

and some rubber tubing. . h 1a have nearly the 

The glass tubing and the rubber u ) 8 ut if they arc 

same diameter as the wider end of t ic ‘ ^ place where it 

much narrower, cut the spout with a me s ‘ ., an \ burn ofT any 
has a suitable diameter (or buy a sma ci ‘ . ( pliers 

oil on the spout by holding it in a flame with a P* 

or pincers. , . „ ;„rbcs lone. Make a 

Use a length of glass tubing a » u t ' ^ described at p. 33 > 

right-angled bend in the middle of th S> 
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and then cut off one arm one to two inches from the elbow (see p. 31). 
Round off the sharp edges of the glass tubing in the edge of a flame. 
Allow the glass to cool and connect the shorter arm to the oil-can 
spout with a short length of rubber tubing. Your blowpipe will 
now be complete. 

How to use the Blowpipe. Before commencing an experiment 
with the blowpipe it is advisable to try it out with a Bunsen flame. 

Close the air-hole of the burner until the flame shows only a 
luminous tip and then turn the gas down until the flame is about 
three inches high. Hold the blowpipe so that the nozzle is in the 

outer edge of the flame 
and about half an inch 
above the top of the 
GLASS TUBING burner. 

When you blow through 
the blowpipe you will 
notice that a long, narrow 
flame is produced. This 
consists of two parts. The 
inner part, light blue in 
colour, is called the reduc¬ 
ing flame (Fig. 38). The 
outer part, dark blue in 
F,C ‘ 38 ' B,'™”” 0 " colour, is the oxidizing 

flame. In some experi¬ 
ments the object being heated is held in the reducing flame; in 
others the oxidizing flame is used. 

A skilful chemist controls his breathing when he is using a blow¬ 
pipe. This is done by breathing in through the nose, puffing the 
air into the cheeks, and breathing out through the mouth. You will 
find that with practice it is possible to breathe in and yet expel air 
from the cheeks at the same time, thus maintaining a steady flame 
directed on to the object which is being heated. 

When you are heating substances in a metal screw-cap with a 
blowpipe hold the cap in a pair of pliers or pincers with one hand 
and grip the blowpipe with the other hand (see Plate 3). You can 
hold the objects in which hand you find to be convenient. Bend well 
down, with the elbow's resting on the table or bench. If your posi¬ 
tion is uncomfortable, you will find blowpipe experiments very 
exhausting. 



Some Blowpipe Experiments 

Making Quicklime from Chalk. On p. 82 we described the 
preparation of quicklime from a lump of marble or chalk. In this 
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experiment only the outside of the lump was decompose 1 . A Wow- 
pipe enables you to use powdered chalk and also to make the 

cap in a pair of pincers, as illustrated m Plate 3, teat “ for 

five to ten minutes in the oxidizing part of the blowpipe A me 
the powder tends to blow out of the screw-cap when you sta 
heating, cake it together by adding a drop of water. This 

Notice the brilliant light given out by the substa 
been heated for a minute or two. This is the lim g (P- ) 

When the heating is finished leave the screw-cap unt. it 
cold. Show that the white powder which remains 
adding one or two drops of water to it. The pou er \\ vl n 

•slake ’ Clouds of steam will be given off and the screw-cap 

^a^gMeta.s from their Compounds Several me,a,s 

can be obtained from their compounds by heating better 

reducing part of a blowpipe flame. The action ‘^es place toner 

if the compound is mixed with some anhy ions s 11 

(p. 89) or sodium bicarbonate and if the mixture is placed ina ho _ 
in a charcoal block. A lump of charcoal about the-e^a mate,^ 

box is suitable, but if this is not available * * , cc j j ca( j 

used with good results. Copper sulphate or copper ox.de, icd 1 c 

and ferrous sulphate are the best chemicals to use. . p a 

If you are Jing charcoal, scrape a hole in it 

penknife. The hole should be about half an inch a • • c oun(1 

of an inch deep. Make a mixture of one part o bicarbonate, 

and two parts of anhydrous sodium carbonate or sodium b carbon 

Put a little of the mixture into the hole in the charcoal (« nt t J 

meta, screw-cap). If the piece of charcoa » Lee is 

the hand, hold it in a pair of pincers so tl - « c 

well inside the inner light-blue cone ol the ) owpip < ant J 

Blow gently at first until the mixture shows signs of mclunfi 
then blow more strongly. The metal wi« be formed in a few £>«■»■ 

With red lead (lead oxide) a silvcry-look.ng bead ol ^ ^ of 

be obtained. This can be tested when cool y . n a i so be 

a penknife into it, as lead is a very soft metal. The1 bead ca 
removed on the point of the penknife and used ,0 unte on p p 
Lead makes marks which are similar to pent, m-u • t j ic usua l 
Copper will be left as shining particles o me « . ^ If these 

copper colour. Iron also will remain as meta ic ^ ^ attractc d 

are scraped on to a piece of paper they can 
by a magnet. 
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Other metals which can be extracted from their compounds with 
the aid of the blowpipe arc tin, silver, and bismuth. 

Making Glass. The only chemicals required to make glass are 
sodium silicate (water-glass) and chalk. 

Ordinary window or bottle glass is manufactured from white sand, 
limestone, and sodium carbonate or sodium sulphate. These 
materials are mixed with a certain amount of broken glass and fused 
together at a high temperature. The chemical actions result in a 
mixture of sodium silicate and calcium silicate. These are the two 
compounds of which glass is chiefly composed. 

Water-glass, the syrupy liquid used for preserving eggs, is a strong 
solution of sodium silicate. When sodium silicate is heated strongly 
with chalk the latter loses carbon dioxide and some of the sodium 
silicate is changed into calcium silicate. We thus obtain a mixture 
of sodium silicate and calcium silicate—that is, glass. 

Put only two or three drops of the water-glass into a one-inch 
metal screw-cap. Hold the latter in a pair of pincers and heat the 
syrupy liquid strongly in the oxidizing part of the blowpipe flame. 
A white puffy mass of sodium silicate will form as water is driven off 
from the solution. Allow the metal cap to cool. Then with a pen¬ 
knife scrape out the white hard mass which remains and crush it to 
a powder. 

Mix four parts of the powder with one part of powdered chalk 
and half fill the metal screw-cap with the mixture. Heat it strongly 
in the blowpipe flame, again using the oxidizing part of the flame. 
In a little while the mixture will melt and a small ball of molten 
glass will be formed. 

Making Special Glasses. Additional substances are often 
incorporated into glass to give it special properties. Thus the 
addition of boron compounds produces a glass which is stronger 
than ordinary glass, melts more easily, and withstands sudden 
temperature changes without cracking. You can make this glass by 
heating a mixture of four parts of the powdered sodium silicate, 
prepared as described above, one part of chalk, and one part ol 
borax. The resulting glass while it is hot can be readily poured out 
of the metal cap on to a little sand. 

‘Cut glass,’ which is used for making ornaments, contains lead 
silicate. To make this variety, heat a mixture of five parts of 
powdered sodium silicate, one part of chalk, and one part of lead 
oxide (litharge or red lead). 

Coloured glasses are obtained by adding traces of various metallic 
compounds to the mixture before heating. Typical compounds and 
the colours which they produce are the following: ferrous sulphate— 
greenish-yellow; manganese dioxide—wine-colour; cobalt chloride 
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-blue; carbon—amber; copper sulphate-green,sh-bluc By 

means of these chemicals you can colour any of ‘ hc 
preparation of which has been described. \ 0,1 should “dd'howe 
only the tiniest speck of the chemical which you can get on to the 

PO Repauring 1 a'crack in a Hard-glass Tube. If the crack is not 
more than about half an inch long it can 

completely with the help of the blowpipe As hard ;8 lasS ‘ U ^ h d 
expensive, this is a useful thing to know. Unfortunately the me hod 
does not work with ordinary test-tubes. The secret of he me hod 
lies in slow warming of the tube followed by slow cooling. If the 

tube is heated too quickly, the crack will be ' v | de ^^ , time$ 

First pass the end of the tube (which should be d >) ‘ 

through a luminous Bunsen flame. Then rotate the: end of the tube 

in the luminous flame until there is a good deposit l rn t he flame 
the bottom two inches or so of the tube. Gradually turn the flame 

into a non-luminous one and keep the tu re ro a 1 g ( |- 

part of the flame until the carbon round the crack has1 burned « 

Transfer the tube to the other hand, take up Y°ur blowp^e, and 
direct the tip of the blowpipe flame up and down the cracky l^hc 

glass will soften and run together, thus sealing 1 ’ . . 

tube gradually first in a non-luminous flame, then in a luminous 

flame, and finally by rotating it above the flame. Whe 

the tube will be as good as new. 

Separating Two Soluble Substances by Fractional Crystallization 

When two substances are both soluble in water they^canU* 

separated, providing there is an apprecia e 1 ere lcm i stry to 
to which they dissolve. This fact is oltcn used in Chcmwtry^^ 

separate two soluble substances, and the process is * 
crystallization.’ It was by this process that Madame Cumable 
to separate radium chloride from barium chloride and thus d.scov 

ra Alum (potash alum) and copper sulphate are suitablesubstances 

to select for illustrating the process, because the co ir °C 

shows clearly when each substance has been ob,a, "' d - A ‘ 5 on V y 
.00 grams of water dissolve 40 grams ol copper only 

9 6 grams of alum, so ‘haulusic^a 

mixed solution of the two when the solutio , r i 0 r vva rm 

Dissolve a level teaspoonful of alum in hall a ^fn the same 
water and about the same amount ol copper su p at j ng 

amount of warm water. Mix the solutions together |n an evaporatn g 
dish. Cover the dish with a piece of cardboard pierced with a 

holes and leave the liquid in a warm place to crys a 
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In a day or two colourless crystals of pure alum will be found in 
the dish. Remove these crystals and wash them with a little cold 
water. Continue the crystallization, and each day remove from the 
solution the crystals which have been deposited. The final lot of 
crystals obtained when the dish has become dry will consist of blue, 
almost pure, copper sulphate crystals. The intermediate crops of 
crystals will be composed partly of alum and partly of copper 
sulphate crystals and will show varying shades of blue. 

Another pair of common chemicals which can be separated by 
fractional crystallization is boracic acid and salt. The solubilities of 

these substances in ioo grams 
of water at 15 0 C. are 4 grams 
and 35 grams respectively. Since 
both substances form colourless 
or white crystals, the pure sub¬ 
stances obtained by fractional 
crystallization should first be 
washed with a little cold water 
and then tested to prove their 
identity. This can be done by 
means of the flame test (p. 47), 
boracic acid giving a green flame 
and salt a golden-yellow flame. 

Distillation 

Fic. 39. Apparatus for Distillation When a solid substance has 

been dissolved in water the sub¬ 
stance can be recovered by simply allowing the water to evaporate 
from the solution. If, however, we wish to get pure water from the 
solution, we have to distil the solution. Distillation is a double 
process. It consists of turning the water into steam by heating, 
followed by cooling of the steam to condense it to water again. 
Ordinary tap-water, although pure enough for drinking, is not 
sufficiently pure for some purposes, owing to the dissolved salts which 
it contains. Thus distilled water is always used for ‘topping up’ 
motor-car batteries. 

One simple method of making distilled water at home is to attach 
some wide rubber tubing, such as Bunsen tubing, to the spout of a 
kettle, in which some tap-water is then boiled. The other end of the 
tubing dips into a jam-jar placed in a saucepan of cold water 
standing on a chair. The cold water helps to condense the steam. 
You can also assist the condensing of the steam by wrapping some 
wet strips of newspaper round the rubber tubing and occasionally 
pouring a little cold water from a test-tube on to the paper. 
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A more efficient distillation apparatus is that shown in Fig. 39. 
The flask is clamped loosely to allow for expansion in heating. A 
glass tube, about 18 inches long, dips into a test-tube standing in a 
basin of cold water. Again condensation is improved by wrapping 
wet strips of newspaper round the tube. A suitable solution tor 
distilling can be made by dissolving two teaspoonfuls of salt in a 
cupful of water, although the experiment is more striking it the 

solution is coloured with a few drops of ink. r 

Before commencing the heating add two or three ragmen 
broken flower-pot or a saltspoonful of sand to the flask. This ensu 
that the solution will boil evenly without ‘bumping^ Heat with a 
small flame at the beginning to avoid cracking the flask, ^tlect 
couple of test-tubefuls of distilled water. Put it into a o , 
it, and save it for the experiments on soft and hard water (p. 


Obtaining Acetic Acid from Vinegar by Fractional Distillation 

‘Fractional distillation’ is the name given to the process of separ¬ 
ating two liquids from a mixture by means o . Vjr wc 

depends upon the liquids having different boiling-poi . . ... 

have a mature of two liquids A and B and if A has a lower boiling- 
point than B, there will be a tendency for A to distil over be 

when the mixture is boiled. , . , , _• - n£T 

Vinegar contains about 5 per cent, of acetic acid, the 
95 per cent, being chiefly water. Acetic acid is a co . ou tc 

boiling at 118° G., while water boils at ioo° C. It is easier to P 
two liquids by fractional distillation when there is a b,g dittcrencc 

between their boiling-points. The difference of ,8* C. 

boiling-points of acetic acid and water is not laigc, u 1 , 

to enable us to carry out a partial separation of the acetic acid and 

TuVabout^upful of vinegar into the flask of the apparatus 

shown in Fig. 39 and add two or three small pieces o r c 
pot or a saltspoonful of sand to ensure steady boiling Boil the 
vinegar. As the colourless liquid which first disti s ovc • ^ 

pure water and you do not particularly need it, you ta 
in a beaker without bothering about cooling. . .. Q r 

When the vinegar has been boiled down to a jou o ‘ » n a 
its original volume collect the liquid which is now collected 

cooled test-tube, as shown in Fig. 39 - The colourless hquid collected 

will contain both acetic acid and water, but it will be a stiong 

solution of acetic acid than the original vinegar. s changing 
solution can be obtained by continuing the disti a 10 . oc i 

the test-tube when the first one has been neat y 1 c • water 

idea to replace the water in the basin with a fresh lo 


128 


CHEMISTRY EXPERIMENTS AT HOME 

at the same time. On no account must the flask be heated until it 
becomes dry or it will probably crack. 

The last test-tubeful of liquid collected from the vinegar contains 
about io per cent, of acetic acid—that is, it is about twice as strong 
as the original vinegar. By putting the liquid back into the flask 
and distilling it once more stronger solutions of acetic acid can be 
obtained. Instead of doing this, however, you can compare the 
strength of the liquid with that of the vinegar used for the experiment. 
This is done by comparing the amounts of washing-soda solution 
needed to neutralize equal amounts of the two solutions. 

Dissolve two teaspoonfuls of powdered washing-soda in half a 
cupful of water. Fill a test-tube with the solution. Measure out 
half a test-tubeful of the vinegar and pour it into a beaker. Add a 
piece of litmus paper. Pour the washing-soda solution, a little at a 
time, into the vinegar and stir the liquid with a glass rod or wood spill. 
Continue adding the washing-soda solution until the litmus paper 
just turns blue. Note how much washing-soda solution has been used. 

Repeat the neutralization, using this time half a test-tubeful of 
the final portion of acetic acid solution made by distillation. About 
twice as much washing-soda solution should be needed for the 
second neutralization. 


Experiments on Soft and Hard Water 

Most people at some time or other have washed in hard water and 
found difficulty in getting the soap to lather. If you have had this 
experience you will probably have noticed, too, the grey-looking 
scum left round the basin after washing and wondered how all that 
‘dirt' could have come from vour hands. The truth is that the 
scum lias nothing to do with the dirt from your hands. It is merely 
the result of a chemical action between the soap and the chemicals 
which arc dissolved in the hard water. Soft water is water which 
forms a lather easily with soap, while hard water is water which 
forms a scum, or precipitate, with soap. 

If you wish to do experiments at home on hard water, there is 
no need to worry because the water in your district is soft. It is a 
simple matter to make soft water into hard water by adding the 
right chemicals, as described shortly. 

In doing experiments on hard water there is no necessity to wash 
your hands in the water every time you want to test it. A simpler 
method is to prepare a soap solution and use this for testing the water. 
A suitable soap solution can be made by cutting thin strips from a 
tablet of kitchen-soap and dissolving about a tablespoonful of the 
strips in a cupful of warm water (preferably distilled water or rain¬ 
water). The soap solution is then transferred to a clean bottle. 
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How to test for Hardness in Water. l ake half a test-tubeful 
of distilled water or rain-water and add half an inch oi your soap 
solution. Shake the tube vigorously. Note the pure white colour of 
the lather and how it consists of a mass of bubbles There is 
chemical action when a lather is made with soap and soft water 
Again take half a test-tubeful of distilled water or rain-water, but 
this time add a few drops of lime-water, which will make the w 
hard. Add half an inch of soap solution and shake the tu ■ 
scum will be formed on top of the water. The scum wi 

grey in colour and consist of solid particles. . . . -_u 

The scum is a precipitate like dozens of other precipitate which 
we meet in Chemistry. Most precipitates, however, are heavier than 
water and sink to the bottom of the tube. This one is 1-, 1 ‘ 

water and floats to the surface. It is formed by an action o 
decomposition between the lime-water and the soap, as o 

Calcium hydroxide -f- sodium stearate —> 

calcium stearate + sodium hydroxide, 
(scum) 

Lime-water, or calcium hydroxide, is not the chemical 
for the hardness of tap-water. For this we usua y r ‘ , 

or more of the following: calcium carbonate (c 1a or ■ ’ 

magnesium carbonate, calcium sulphate, and magnesiu * 

When these substances are present in the ground they a. e dissolv c d 
by water, although to dissolve the first two chemica s ie 
also contain dissolved carbon dioxide gas. The insoluble ca, bonates 

are then converted into soluble bicarbonates. ■ ,, n 

When the hardness is due to the presence of calcium 01 n < h ^ 
bicarbonate it can be removed by boiling the walet. 
therefore described as ‘temporarily hard. When ca cum • )■ 
nesium sulphate is the culprit the water cannot be softened y 

and it is said to be ‘permanently hard.’ • ><r r lI i )on 

Temporarily hard water can be made at home y I 
dioxide gas through lime-water for three oi our mi , - n j nK 
apparatus described at p. 64 (see also p. 173) ‘s suita j e 

a steady stream of carbon dioxide. . a s 

Making Temporarily Hard Water from ^me-watcr. As 

you will require a fair amount of the hard W'. ller , 7 \ or a 

better to prepare it all at once. Half fill a boihng-tu >< \ ■ 7 q| - 

small medicine bottle with lime-water and pass a s <>^ ofthe 
carbon dioxide through it with the delivery-tu n‘ at ie col ,tinue 

liquid. There will first be a precipitate of chalk, ju » ^ . a| . 

to pass the gas through the milky liquid the pi < c ipita e " 
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and the liquid will become quite clear. The chalk, or calcium 
carbonate, dissolves in the water in the presence of the extra carbon 
dioxide, forming a solution of calcium bicarbonate. 

You should now have temporarily hard water. As the solution is 
rather strong, it is advisable to dilute it to about double volume by 
adding an equal quantity of distilled water, rain-water, or tap-water 
if your tap-water is fairly soft. 

Testing Temporarily Hard Water. First prove that the water 
is hard, by shaking half a test-tubeful with half an inch of soap 
solution. A thick scum will be formed. To show that the hardness 
is of the temporary kind, heat a little of the water and keep it boiling 
for at least five minutes. The boiling is best done in a boiling-tube 
or beaker, as the water tends to spurt from an ordinary test-tube. 
When the water is boiled it will turn milky, owing to a fine precipi¬ 
tate of chalk. After boiling for five minutes allow the water to cool 
and the precipitate of chalk to settle. Then filter about half a test- 
tubeful of the water and test it by shaking with half an inch of soap 
solution. A lather will now be obtained, showing that the hardness 
has been destroyed by boiling the water. 

If your water at home is hard you can test it as described above to 
find whether the hardness is temporary or permanent. If the hard¬ 
ness is only slight, the precipitate of chalk formed on boiling the 
water may be too small to see, but in cases of extreme hardness, or 
if water is boiled repeatedly in the same vessel, a considerable deposit 
of chalk is formed. The deposit is commonly called ‘fur.’ 

Making and testing Permanently Hard Water. You can 
easily make water permanently hard with lime-water, but perhaps 
it is better to imitate Nature and use her chemicals. Ordinary 
blackboard chalk is calcium sulphate, so you can obtain permanently 
hard water by leaving some water for a time in contact with some 
pieces of blackboard chalk in a beaker or jar. A quicker method is 
to dissolve a saltspoonlul of magnesium sulphate (Epsom salts) in a 
cupful of water. 

First test a little of the treated water with soap solution to make 
sure that it is now hard. A scum should be formed. Then boil a 
fresh sample of the water for a few minutes. Notice that no pre¬ 
cipitate is formed as happened with the temporarily hard water. 
After boiling the water cool it and test it with soap solution. A 
scum will again be produced, showing that the hardness has not 
been removed by boiling the water. 

Softening Hard Water. Hard water is softened by treating the 
water with suitable chemicals. At home the usual softening agents 
used are washing-soda, ammonia, and borax. Commercially, water 
is softened chiefly by means ol slaked lime, washing-soda, and a 
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How to test for Hardness in Water. Take half a test-tubeful 
of distilled water or rain-water and add half an inch ot your soap 
solution. Shake the tube vigorously. Note the pure white colour ot 
the lather and how it consists of a mass ot bubbles There is 
chemical action when a lather is made with soap and soft water 
Again take half a test-tubeful of distilled water or ram-water but 
this time add a few drops of lime-water, which will make the wan. 
hard. Add half an inch of soap solution and shake tlu tu • 
scum will be formed on top of the water. The scum will be 

grey in colour and consist ot solid particles. , . , 

The scum is a precipitate like dozens of other preopuates which 
we meet in Chemistry. Most precipitates, howevei, aie bea 
water and sink to the bottom of the tube. Tins one .s lighter than 
water and floats to the surface. It is formed by an action of double 
decomposition between the lime-watei and the soap, as o 

Calcium hydroxide + sodium stearate —> 

(soap) . . , 

calcium stearate + sodium hydroxide. 

(scum) 

Lime-water, or calcium hydroxide, is not |he cliemical rcspoiwtb^ 
for the hardness of tap-water. For this we usu.i y >*n c ‘ , 

or more of the following: calcium carbonate (c la or j . ate ’ 
magnesium carbonate, calcium sulphate, and magnesiu ‘ ‘ , 

When these substances are present in the ground they are d i^lvcd 
by water, although to dissolve the first two c he mica s u. \ , 

also contain dissolved carbon dioxide gas. 1 he mso u)( 
are then converted into soluble bicarbonates. • 

When the hardness is due to the presence ol calcium oin . « is 

bicarbonate it can be removed by boiling the watei. _. 

therefore described as ‘temporarily hard. When ca ciui j. 

nesium sulphate is the culprit the water cannot be softened y 

and it is said to be ‘permanently hard.’ -lion 

Temporarily hard water can be made at home y p _ 'jq lc 
dioxide gas through lime-water for three oi OUI i, .jnin.r 

apparatus described at p. 64 (see also p. 1 73) ,s sulla 3 L 0 ‘ 

a steady stream of carbon dioxide. . a s 

Maldng Temporarily Hard Water from Lime-^ . A-> 

you will reejuire a fair amount of the hard " <,UI 01 ’ a 

better to prepare it all at once. Half fill a boihng-tu k \ ' 
small medicine bottle with lime-water and pass a s o\n f t j lc 

carbon dioxide through it with the dclivery-tube «at ic CO ntinue 
liquid. There will first be a precipitate of chalk, but il y r 

to pass the gas through the milky liquid the prec ipita e 
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When cigarette smoke passes into the mouth each smoke particle 
becomes coated with a layer of moisture. This makes the particles 
much larger, so that they do not split up white light but merely 
reflect it as a whole. Therefore the smoke looks white or grey. In 
the same way mist, fog, and steam have a white or grey colour. 

Using a Flashlight to show the Difference in Size of Smoke 
Particles. All you need for this experiment is a couple of clean, 
dry jam-jars, a flashlight, a piece of cardboard, and somebody to 
smoke a cigarette for you ! The experiment should be done at night, 







(CL) 


(b) 


(c) 


.jo. Showing the Path of Light through a Jar with 

Smoke Parti cuts 


so that you can switch out the light, or you should have a dark 
cupboard available. 

First do a preliminary experiment. Put one jar mouth downward 
on a dark surface (a dark book will do). Cut a hole of about one 
inch diameter in the cardboard and place the cardboard on top of 
the jar. Switch off the light. Hold the flashlight an inch or two 
above the cardboard (Fig. 40 (a) ) and shine the light through the 
jar. When you look at the jar from the side it will not be possible 
to see the rays of light passing through the jar. 

Repeat the experiment, but this time allow a little blue cigarette 
smoke to pass into the jar. The path of the light rays through the 
jar will now be clearly shown by a white band of light which appears 
to be made up of a number of white lines (Fig. 40 ( b ) ). The effect 
is caused by the reflection of light by the smoke particles in the same 
way that sunlight in a room is made visible by dust particles in the air. 

Now allow blue smoke from the lighted end of a cigarette to fill 
up the jar. Fill up the second jar with smoke which has been 
breathed out. Leave the jars standing mouth downward for about 
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an hour and then shine the flashlight through each of Ithem in turn. 
The band oflight will still be seen clearly in the first J , hhj( . 

only be faintly visible in the second jar (Fig. 4 ° ( c ) )■ fl ; 
smoke particles, being very small and light mostly remain floating 
about in the air in the jar. The larger and heavier wh tc 
particles settle more rapidly, and few arc left floating in the jar 

the end of an hour. . • i oirtirles 

Very similar to smoke particles floating in an ar ... ii qu id is 
of an insoluble substance floating in watei. 1US a • . water 

obtained when some finely powdered chalk is shaken up bv 

If the liquid is allowed to stand the particles arc ac P ^ ^ 

gravity and become deposited as a sediment. s ' anc j 

finer the particles the less quickly they settle. 

whitewash are good examples of a fine solid n mg sus P l • j are 

When a suspension in water is filtered the suspended pa. icl « ™ 
left on the filter-paper and the filtrate is a clear l.quKL V\h am« 
solution no settling occurs, and no amount o 1 ri ns j on 

the dissolved substance. This shows that the particles 

are coarse as compared with those in a solution. . sccn 

If the particles in a suspension are very small ^YV/hmvever by 
with the naked eye. We can show that they aic thci ^ 

means of a flashlight. With liquids there is no necessi > ^ 

jars, as the effects arc shown quite well by e ‘ nl ^^ 1 ‘ , p art i c i e s in 
Showing the Presence of suspende filtering use 

Tap-water. Filter half a test-tubeful of tup-w an i. ^ tbc f inc 

a double filter—that is, two filter-papers lolded to 6 cl1 ‘ t he water 

particles might pass through a single filtcr-papcr^^^^ ^ the light 
is filtering half fill another tube with tap-w • ‘ tcst -tube (see 
and shine a flashlight up through the iU b s hown 

Plate 3). The path of the light through the *atci \ owing 

clearly by a white luminous cone. 1 he cone s iap- 
to the curved bottom of the test-tube. IK . Q f light 

Repeat the experiment with the filtered w a e u avc been 

will be visible, because the suspended dust pa.Uclcs have 

filtered out of the water. nitrred water and shake 

Now add a saltspoonful of sugar to the , - j n tbc same 

the tube until the sugar has dissolved. 1 cst • ^ bc sccn The 

way with your flashlight. Again no cone o g ( p. ct tbt . light rays 

sugar molecules in solution arc far too sma , f t.-m carbon, 

and make their path visible. Shake a tiny P in < ' cone of light 
or other insoluble substance with the solution. 1 he 

will now be quite visible. rhalk or other 

It has been said previously that il a susptnsi the 

insoluble substance, in water is filtered all the chalk 
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filter-paper. A curious method of getting the chalk to pass through 
the filter-paper is now described. 

Making an Insoluble Substance pass through a Filter- 
paper. This experiment works well with finely powdered chalk or 
with mustard, but the best substance for it is rouge if you can beg a 
pinch from your mother or sister. 

First shake only as much of the powder as you can get on the point 
of a penknife with half a test-tubcful of water. Allow the solid to 
settle, and pour off the water through a double filter-paper. The 
liquid obtained will be quite clear and uncolourcd, because all the 
solid particles have been filtered out of it. 

Now add another small quantity of the powder to half a test- 
tubcful of water, but before shaking add also one or two thin shavings 
of soap. After shaking the tube again filter the water through the 
double filter-paper previously used. The filtrate obtained this time 
will be coloured white, yellow, or red according to whether chalk, 
mustard or rouge has been used. 

The filtrate which has just been obtained is a suspension and not 
a solution. In some way which is not fully understood the soap drags 
the fine partic les of powder through the filter-paper. If you add to 
the filtrate a few drops of dilute sulphuric acid or a solution of alum 
or magnesium sulphate the soap will be decomposed and no longer 
able to keep the powder in suspension. The powder will settle and 
form a coloured sediment on the bottom of the tube. 

Making Emulsions. It is often said that oil and water do not 
mix. If a few drops of liquid paraffin, machine-oil, or olive-oil are 
shaken with half a test-tubcful of water a milky-looking liquid is 
produced, but the mixture soon separates into two layers, with the 
oil floating on top. If you use filtered water (see p. 133) in this 
experiment you can use the flashlight test to investigate how long 
the tiny droplets of oil remain floating in the water. The droplets 
reveal themselves by giving the usual cone of white light. 

The separating of an oil-water mixture into two layers can be 
delayed, and even prevented, by adding certain chemicals to the 
mixture. These chemicals are called ‘emulsifying agents.’ Under 
their influence oil and water do mix, and form a milky liquid which 
is known as an ‘emulsion.’ Emulsifying agents are chemicals which 
have an attraction for both oil and water and serve to couple the 
two together. Soap is quite a good emulsifying agent, and can be 
used to make an emulsion of oil and water. 

Again add a few ch ops of one of the oils previously mentioned to 
half a test-tubeful of water (it is better if the water is slightly warm). 
Add also to the tube a couple of drops of soap solution made by 
dissolving a thin shaving of soap in a test-tubeful of warm water. 
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Shake the tube vigorously for a minute or two and then leave it to 
stand. The liquid will keep its milky appearance much longer now 
Emulsions are quite common in everyday life One o (The co 
monest is milk, while others are cod-liver oil emulsion, salad dress g 
(made from olive-oil and vinegar), and hair-creams. 

Milk consists of tiny drops of oily or fatty substances floating in a 
watery solution. It is these tiny drops which by reflect of white 
light, give milk its white or milky colour. Skimmed 
left when most of the oily or fatty substances have b«n separated 
is bluish in colour. The reason for this is that stamed ™ gets us 
colour from the much finer oily drop ets which still remain 
pension. Like the fine particles of blue cigarette moke these arc 
small enough to split up white light and reflect only the blue part 

° f Recipes for Home-made Hair-creams. Hair-creams arc 
emulsions which arc usually made from an oil, such as 
water, and an emulsifying agent. It is quite cast < * ■ • 

sion from liquid paraffin and water by using soap as the ""ulsflymg 
agent, as described previously, but it is another matte, to niake an 
emulsion which will last and which can be used as a hair-cream. 

W fi) 1 °Oblain romTchcmUf s n a S n l ouncc of becs-wax (preferably the 
white variety ).This will cost about fit/. Put l-'f-egg-cup,ul^of 
the wax into a dry beaker and add two egg-cup us o . 

Warm the beaker to about 60° C.-that is, until the: beaker .s just 
too hot to hold on the hand. Stir the mixture until the wax 

dissolved. . . ir„ m , r.infnU of 

In another beaker or a basin place one and a half gg- I 

water which is at about the same tempcratuic as the • . <)f a 

in the water a tiny pinch ol borax puked up on I 

^“pour the oil in a slow stream into the water, 

the oil is added. When all the oil has been added sti ^ 

vigorously until it is cold (an egg-whisk makes tins 1 ‘ J fcr 

easier). A creamy emulsion will be formed. cn1 . ,j * oily, 
it to a bottle, and cork the bottle. Tins cream -ilberather ,1 
(ii) Commercial hair-creams are nowadays made with thcjielp 
of more powerful emulsifying agents than bees-wax. On^fl ^ ^ 
a chemical called triethanolamine stearate, \% n rS(Cl H OHU 

bining triethanolamine, a syrupy liquid of formula 
and stearic acid, a white solid of formula 

preserve the emulsions ‘stabilizing agents are n <- > j formula 

The best known being cetyl alcohol, a white so ' J *"3 
C 1B H a3 OH. These chemicals arc not common substances and 
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would have to be specially ordered at the chemist’s. Four ounces 
of each of the three will enable you to make several pints of hair- 
cream of excellent quality. 

Put a cupful of liquid paraffin into a beaker with half an egg- 
cupful each of cetyl alcohol and stearic acid. Warm the beaker to 
about 6o° C. and stir until the solids have dissolved. In a large 
basin put one and a half cupfuls of hot water (also at 6o° G.) and 
dissolve in it about two thimblefuls of triethanolamine. 

Pour the warm liquid paraffin mixture in a slow stream into the 
water, stirring as you do so. Continue stirring well for five minutes. 
A thick white cream will form, the thickness depending on the 
amount of stirring. This cream will keep indefinitely in a well- 
stoppered bottle. 

A Soapy Chemical from Horse-chestnuts 

Horse-chestnuts have other uses besides enabling schoolboys to 
play ‘ conkers.’ They are a source of a useful chemical called saponin. 
This chemical, although not the same as soap, is similar in some ways 
to soap. Indeed, the word ‘saponin’ means ‘soap-like.’ 

Extracting Saponin from Horse-chestnuts. With a sharp 
knife cut a horse-chestnut into quarters. Remove the brown shell 
from the pieces and cut them into small fragments. Put these into a 
boiling-tube or beaker and boil them for a few minutes with about 
two egg-cupfuls of water. The water will dissolve the saponin out 
of the material. Cool the tube or beaker and filter the solution. Put 
a little of the solution into a clean bottle and shake the bottle. A 
large volume of lather will be produced. If the bottle is left un¬ 
disturbed on a shelf, the lather will last for hours. 

Because it forms a lather so easily saponin is sometimes put into 
ginger-beer and other mineral-waters to make them froth easily. 
Another use is in fire-extinguishers of the foam type. These have two 
compartments. The first one contains a solution of sodium bicarbon¬ 
ate mixed with saponin, and the second one a solution of an acid 
substance, usually aluminium sulphate. When the solutions arc 
mixed the bubbles of carbon dioxide gas produced by the chemical 
action are made into a remarkably strong foam by the saponin. The 
foam forms a ‘chemical blanket’ over the burning material and, by 
excluding air, puts out the fire. 

The use of saponin in fire-extinguishers can be illustrated by the 
experiment now described. 

Extinguishing a Fire with a Foam. Put a tablespoonful of 
sodium bicarbonate (baking-soda) into a medicine bottle and fill 
the bottle one-third full with cold water. Add about half a test- 
tubcful of saponin solution. Have ready a test-tubeful of saturated 
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aluminium sulphate solution (if this is not available use a saturated 
solution of ordinary alum to which a little dilute sulphuric acid has 
been added). Soak a small wad of cotton-wool in paraffin or 
methylated spirit and set it on fire in an evaporating-dish, a small 
basin, or a metal tray. Now pour the aluminium sulphate solution 
into the bottle and hold the latter so that the foam which is given oil 
falls on to the ‘ fire.’ The burning cotton-wool will quickly be covered 
with the strong and lasting foam and soon extinguished. 

Fluorescence by Flashlight 

(Some Beautiful Effects in the Dark) 

In recent times a new method of lighting by electricity has come 

into use. The method is called ‘daylight’ lighting. Instead of the 



Fig. 41. A Model. Foam Fire-extinguisher in Action 

ordinary bulb with a filament, a long tube containing an electrode 
at each end is employed. Air has been removed from the tube, 
which has a trace of mercury in it. When an electric current is 
passed from one electrode to the other the mercury vaporizes and 
gives out ultra-violet rays. These are rays which arc invisible I he 
inside of the long tube is coated with certain chemicals which ate 
very sensitive to ultra-violet rays. When the rays strike these 
chemicals they give out a brilliant bluish light. 1 he giving out o 

light in this way is called ‘ fluorescence. . , 

There are several common substances which, given the right 
conditions, will show fluorescence with the light from an ordinary 
flashlight. To investigate this phenomenon you should gather to¬ 
gether as many of the following as you can: red ink, lubricatmg-oil, 
rouge, red nail-varnish, tincture of quinine, and acriflavine solution. 
The last two may be found in the medicine-chest. With the exception 
of the lubricating-oil, only very tiny amounts of the substances are 
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required. To see the effects properly the experiments should be 
carried out at night with the light out. If possible a different test- 
tube should be used for each substance. 

Red Ink. Add one drop of the ink to half a test-tubeful of water. 
Switch out the light. Hold a flashlight an inch or two below the 
tube and shine the light upward through the bottom of the tube. A 
brilliant cone of green light will be seen in the liquid (see Plate 3). 

Lubricating-oil. Use about an inch of the oil in a test-tube. 
Often there is no result, but sometimes a dark green or blue light is 
obtained. 

Rouge. Shake a few specks of the powder with half a test-tubeful 
of warm water and filter the liquid. A green fluorescence will be 

il-varnish. Add one drop to an inch of methylated 
spirit in the test-tube. The fluorescence will again be green. 

Ammoniated Tincture of Quinine. Add two drops to a third 
of a test-tubcful of dilute sulphuric acid or sodium bisulphate 
solution. The cone of light will have a beautiful blue colour. 

Acrrflavine Solution. Add one drop to half a test-tubcful of 
water. A green fluorescence will result. 

Fluorescence is a great help to the modern chemist in analysing 
substances. For this purpose he makes use of the ultra-violet rays 
given out by a mercury-vapour lamp of the kind used for ‘daylight’ 
lighting. Many chemicals will fluoresce even though they may be 
present only in tiny amounts. Thus the cheaper grades of medicinal 
liquid paraffin sometimes contain small amounts of impurities which 
give a bright fluorescence with the mercury-vapour lamp. Similarly 
the presence of certain impurities in foods, drugs, and dyes can be 
instantly recognized. 

The chemical called fluorescein shows the property of fluorescence 
to an extraordinary degree. It can be detected by its fluorescence 
when only one part of it has been dissolved in one hundred million 
parts of water. This chemical is sometimes used for tracing the 
course of underground streams. The sensitiveness of fluorescence 
tests can be shown by means of red ink in the manner now described. 

A Drop-in-a-bucket Test. Put one drop of red ink into a bucket 
and fill up the bucket with water. Stir the water so that the drop of 
ink becomes evenly mixed. The colour of the ink will not be visible 
in the water. Take out half a test-tubcful of the water and shine a 
flashlight up through the tube in a dark room. The green fluores¬ 
cence, due to the ink, will be clearly seen. 

An ordinary bucket contains about three gallons of water, which is 
equal to about a quarter of a million drops. It is interesting to 
dilute the weak ink solution in the bucket still further and see how 
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dilute the solution can be made before its fluorescence finally 
disappears. 

Simple Dyeing Experiments 

There are a number of experiments on dyeing which can be 
performed with materials usually found at home or which can be 

readily obtained. Different kinds of ink can be used Red cochineal 
solution, which is used for colouring cakes, may be found in i 
kitchen cupboard. Logwood chips are often me udedl in Chenustry 
sets. Dyes can be obtained by boiling the crushed ' leads of colouied 
pencils with water. You can also do interesting experiments with 
vegetable dyes made from various flowers, berries, roots, and leaves. 
Before modern coal-tar dyes were discovered these vegetable d>cs 
were largely employed, and a few are still in use even to-day. 

Before you can dye materials successfully it is necessary for you 
to understand what dyes are and how they are used It docs not 
follow that because a substance has a bright colour it canbe used 
as a dye. This can easily be shown by dipping a strip ot co ton cloth 
in red ink and then holding it under the tap The colour " ,l * ** 
almost entirely washed out by the water. A dye is a co oui<- 
stance which can be permanently attached to the cloth. I he colou 

is then said to be ‘fast.’ , , , t 

It does sometimes happen that a fabric can be dyed merely by 

soaking it in a solution of the dye. The latter is then described as a 
• direct,’ or ‘ substantive,’ dye for the fabric. Thus Congo l cd will dy 
cotton and logwood will dye wool tlircctly. It cannot be * ss “ m «*. 
however, that because a dye will impart a colour directly to one 
kind of fabric it will act similarly with a different material. Wool 
has such a great attraction for dyestuffs that many of them will dye 
this material directly, whereas very few dyes tv,11 give a colour 

^vJhcn'a dye will not give a fast colour to a fabric by direct dyeing 
it can often be made to give a fast colour by treating the fabric 
chemically before it is put into the dye. The treatment consists „I 
depositing in the fibres of the cloth a chemical which has an attrac 
.ion for the dye and makes it stick to the cloth. 1 he process » caUrf 
‘mordanting’ the cloth, and the chemical deposited in the fibres 

referred to as the ‘mordant.’ ... , . 

Cotton usually has to be mordanted bclorc it will take ai dye.T 1 

kind of mordant used depends on the nature ol the dye. A commo 

method of mordanting cotton is to soak it fust in a um so u 1 ‘ 

then in washing-soda or ammonia solution. T his causes a p«cc p t. 

of aluminium hydroxide to form in the fibres, an it is t us p P 

which combines with the dye and fixes it. 1 he ly 10x1 es 



CHEMISTRY EXPERIMENTS AT HOME 


140 

and copper can be used in the same way. Some dyes require the 
cotton to be first mordanted with a weak acid. 

Although wool can usually be dyed directly, it is often mordanted 
to improve the fastness of the dye or to produce particular shades. 
The use of different mordants usually results in different shades 
being produced from the same dye. Thus an iron mordant generally 
gives a darker shade, while a copper mordant gives a brighter colour. 

Practical Hints. Only two kinds of material, wool and cotton, 
arc dealt with here. Wool can be used in the form of white flannel 
or white mending-wool. Cut the flannel into strips about three 
inches long and one inch wide or loosely knot together a few strands 
of wool. As new wool often contains oily impurities which interfere 
with dyeing, it should first be boiled in washing-soda solution for a 
few minutes and then rinsed out thoroughly in clean water. For 
dyeing cotton you can use an old cricket-shirt or cotton handkerchief 
cut into strips as described above. 

Wool is easier to dye than cotton, as the fibres arc easily penetrated 
by a liquid. Wool need be left only a couple of minutes in the 
mordanting solution or dye. Cotton fibres are tough and not easily 
penetrated; therefore, before you begin to dye, leave several strips of 
cotton soaking for a while in alum solution, and a second lot soaking 
in a solution of tannic acid, tartaric acid, or vinegar. Tannic acid, 
which is generally used to mordant cotton, can be made by boiling 
pieces of oak-galls with water (p. 1 13). 

Work with one dye at a time. A fabric usually takes up colour 
more rcadilv if the dve solution is hot. Also the addition of a little 
common salt to the dye liquor speeds up the rate of dyeing and gives 
a deeper colour. 

As the object of the experiments is to dye the fabrics and not 
yourself or the table-top, you should take suitable precautions. 
Wear old clothes, and have a few sticks available for handling the 
dyed materials. Protect the top of your table or bench with old 
newspapers. 

Dyeing with Blue-black Ink. Most blue-black inks contain a 
blue dye called indigo carmine. The following experiments work 
well with the usual makes of ink. Put an egg-cupful of the ink and 
an equal amount of water into a beaker, add a saltspoonful of 
common salt, and warm the beaker until you can just hold it on 
your hand. 

(i) Leave unmordanted cotton and wool in the liquid for a few 
minutes. Remove the materials with a stick and hold them under 
the tap. The colour will be washed out of the cotton, but the wool 
will be dyed a light blue. This illustrates the greater attraction of 
wool than cotton for dves. 



I 4 I 


MISCELLANEOUS EXPERIMENTS 

(ii) Leave in the warm liquid a cotton strip which has been soaked 
for some time in a weak acid (tannic acid, tartaric acid or vinegar) 
After about five minutes remove the cloth with a stick and hold 1 
under the tap. The cotton will now be dyed a bright blue colour 

which is not washed out. . . , , . . 

(iii) Mordant a few strands of wool with aluminium hydroxide. 

This is done by soaking the wool first in a strong solution ol alum, 
squeezing out the liquid, and then putting it into weak ammonia or 
washing-soda solution, again squeezing out the liquid Leave the 
mordanted wool in the warm ink solution for a couple of minutes 
and then wash it under the tap. The wool will be dyed a deep 

purple colour. , , 

(iv) To see the effect of using a different mordant on the wool 

soak a few strands first in ferrous sulphate solution and then in wea ' 
ammonia. This produces a precipitate of iron hydroxide m t 
wool. This time the wool will be dyed an almost black coloui by 

V^ood method of testing the fastness of the colour in a dyed 
material is to leave it in water in a cup or jar for an hour: 01 two. 
If the colour is perfectly fast no trace of it will be found m the wate , 

even after several hours. ._ 

Dyeing with Red Ink. Not all manufacturers use the same y 

in making red ink, but one dye commonly used is cosin. Most bi ands 
of red ink can be used to dye cotton and wool in the same manne 
as blue-black ink. Use an egg-cuplul each of water and redmk, z 
a little salt, and have the solution boiling. 1 he cotton should b 
mordanted with a weak acid and the wool with aluminium or non 
hydroxide as described in the previous section. . . , , 

An interesting experiment is to take samples o woo w nc 
been dyed with red ink and put them into a weak, warm solution 
blue-black ink. Various shades of purple will be produced, acco. 
to the strength of the second liquid and the time for which the wool 
is left immersed. This illustrates the process of double dyeing. 

Dyeing with Cochineal. Cochineal is a red dye made bom the 
dried bodies of an insect which lives on certain kinds of cactus 
growing in Mexico. As cochineal is a strong dye, it is o ec «saiy to 
add only a few drops of the solution to half an mch of water in a 
beaker to obtain a suitable dyeing liquid. Add a ill e sa , a 

th BoZ“^ and wool shou.d bn ,no, da,Ucd. The ^suitable 
method in both cases is to soak the cotton and woo 1 first in aim 
solution and then in a solution of tartaric aci , or cream , 

Remember that cotton must be soaked for a longer time r ' 

With cotton a pink colour will be obtained and with wool cnmsor . 
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Both cotton and wool give different shades of red when dyed with 
cochineal, according to the mordant used. Other mordants which 
can be tried are alum and ammonia, ferrous sulphate and ammonia, 
copper sulphate and ammonia. In the last case the ammonia 
should be very dilute (one part of strong ammonia to ten parts 
of water). 

Dyeing with Logwood. Logwood chips are obtained from a 
tree which grows in South America. When the chips are boiled with 
water a reddish-purple liquid is obtained. This liquid is used to 
make certain kinds of ink and to dye silk black (with an iron mor¬ 
dant) for use in umbrellas. The chips should be boiled with water 
for about fifteen minutes and the resulting solution filtered. For 
dyeing have the solution boiling. 

To dye cotton and wool both should be mordanted. For mordant¬ 
ing cotton you can use either a weak acid (tannic acid, tartaric acid 
or vinegar) or one of the metal hydroxides (aluminium, iron or 
copper), precipitated in the cotton as described previously. For 
wool use one of the metal hydroxides. It will be found that the use 
of an iron mordant gives a black colour which is quite fast. 

Other Common Dyes. Congo red, methylene blue, methyl 
violet, malachite green, and rosaniline (magenta) are well-known 
dyestuffs which are readily obtained from chemical dealers and are 
simple to use. They all dye wool directly, but only Congo red is a 
direct dye for cotton. In the other cases the cotton must first be 
mordanted with a weak acid. 

Congo red can be used as an indicator (p. 40), and cotton which 
has been dyed with Congo red turns blue when put into an acid. 
Methylene blue and the other dyes mentioned above arc commonly 
used in coloured inks and pencils. Methyl violet is also used for 
typewriter ribbons. 

Dyeing with Vegetable Dyes . 1 Some very beautiful and deli¬ 
cate colours can be obtained by dyeing wool and cotton with extracts 
from various parts of common plants, trees, and shrubs. In all cases 
the material should be used soon after it has been collected and not 
allowed to wither. The dye is extracted by boiling the material with 
water in a saucepan for five to ten minutes. The coloured liquid is 
filtered when cool. The following experiment illustrates the method 
of using a vegetable dye. 

Boil a couple of deep red carnations with a tumblerful of water 
for five minutes in a small saucepan covered with a lid. Cool and 
filter the red solution. Meanwhile mordant strips of wool and cotton 
by soaking them first in alum solution and then in tartaric acid, or 

1 For fuller information on the use of this class of dyes see The Use of Vegetable 
Dves for Beginners , by Violetta Thurstan (Dryad Press, Leicester, 1943). 
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cream of tartar (this gives a better mordant than aluminium 
hydroxide). Add some tartaric acid also to the dye. Boil the dy 
solution in a beaker and add the strips of wool and cotton. Leave 
the strips immersed until the beaker is cold and then remove le 
and wash them under the tap. The wool will be dyed a deep red 
and the cotton a soft pink. With an iron mordant (ferrous sulphate 
followed by dilute ammonia) a deeper shade of red will be obtained. 

The sources of some other vegetable dyes 
and the colours which they produce are 
given below. All of them will dye wool, but 
only some are successful with cotton. 

Flowers: barberry, chrysanthemums 

(yellow), daffodils, golden rod, gorsc, 
marigolds, ragwort. These give a 
yellow dye. Red roses give a red dye. 

Leaves: birch, pear, privet, 

Yellow dyes are obtained, 
gives a green dye. 

Berries: blackberries, bluish grey; dam¬ 
sons, purple; elderberries, purple 
(black with iron mordant); juniper, 
brown. 

Various: walnut shells, brown; pine 
cones, yellowish red; apple bark, 
yellow; iris roots, black. 

A Fountain Experiment 

This experiment is commonly used to 

demonstrate the solubility of very soluble 

gases, like ammonia (p. 178), but it can also 

be carried out with water in the manner 

now described. , , 

Fit a flask with a tightly fitting cork through which passes a lengt 

of glass tubing twelve to fifteen inches long. The cxpenment woi s 
better if the end of the tube inside the flask is drawn out into a jet 
(see p. 36). Put an egg-cupful of water into the flask. Hold the 
flask by means of a cloth wrapped round the neck and heat the has 
over a small flame, moving it about well over the flame. lcn 
water has boiled for a minute or so and steam is issuing 10m 
tube turn the flask upside down and put the end of t ic to jc in o a 
basin of water (Fig. 42). Do this carelully but cjuic ' y. 1C 
will rise rapidly up the tube and form a fountain inside the flask. 
The effect will be more striking if you colour the water in the basin 
with a drop or two of ink. 
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The explanation of this experiment is that the steam drives the air 
out of the flask. When the flask is removed from the flame the steam 
inside condenses and leaves a vacuum in the flask. The water rushes 
up to fill the vacuum. 

Testing Textiles 

An interesting scries of experiments can be carried out with the 
materials from which various kinds of clothing are made. The 
principal materials are wool, silk, cotton, and artificial silk. Wool 
and silk are animal fibres, cotton is a vegetable fibre, while artificial 
silk is made chemically. There are three chief kinds of artificial silk: 
viscose, Celanese, and nylon. The simple tests now described will 
enable you to distinguish between these different fibres. The bristles 
of many tooth-brushes are nowadays made of nylon, so that an old 
tooth-brush of this type will provide sufficient material to do the 
tests given if nylon fabric cannot be obtained. 

Burning. Put a little of the material into the side of a flame and 
then remove it from the flame. 

Wool, silk, and Celanese burn slowly and stop burning when taken 
out of the flame. A large black cinder is left on the ends of the fibres. 

Cotton, viscose, and nylon burn quickly and continue to burn 
when removed from the flame. Only a little light ash is left. 

Heating. Heat a little of each material in a dry test-tube over a 
small flame. As moisture will be given off, hold the tube in a paper 
holder so that it slopes downward. 

All the materials decompose and leave a black residue of carbon. 
Only Celanese and nylon melt before decomposing. Wool, silk, and 
nylon give off ammonia gas, which can be recognized by its smell 
and by putting a piece of damp red litmus paper into the tube. 
Cotton, viscose, and Celanese give acid fumes, which turn damp blue 
litmus paper red. 

To clean the tubes after use, leave some warm washing-soda 
solution in them for a while and then clean them out with a test-tube 
brush. 

Rotting Tests, (i) Dilute Sulphuric Acid. Put a drop of dilute 
sulphuric acid or sodium bisulphate solution on the material and 
stretch it over a small flame. 

With wool and silk there is practically no change and the material 
is not rotted by the acid. Cotton, viscose, Celanese, and nylon are 
all affected. The first three blacken, while the nylon shrivels up 
almost immediately where the acid was placed. 

(ii) Dilute jS/'ilric Acid. Repeat the test, using dilute nitric acid 
this time. 

Wool and silk do not shrivel, but the treated parts are stained 
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yellow. This is the well-known ‘xanthoproteic acid test' for a class 
of chemicals called proteins. These are nitrogen-containing com¬ 
pounds (present in wool and silk) which act wit 1 ni 11 similar 

yellow xanthoproteic acid. Strong nitric acid produces asnndar 
stain on skin. The yellow stain becomes bright orange .1 ammon.a 

is dabbed on it. . „ •_rvhnpu' 

Cotton is not affected by the nitric acid test, but viscose Celane 

and nylon quickly shrivel, leaving a yellow margin round the 

treated area. This test distinguishes cotton from siscose 

Sodium Hydroxide. Boil a small piece of the material with 

about an inch of dilute caustic soda solution in a . 

Wool and silk break up into separate fibres and gradually d.sso! • 
Cotton, viscose, Cclanese, and nylon are not visibly changed y 

dilute sodium hydroxide. 

Indicators from Plants 

At n 4i we described the preparation of a home-made indicator 
from beetroot. Indicators cl lo be obtained from many common 

flowers and fruits by boiling them with watci m ^ purple 

The best flowers to use arc those which have a deej P 

colour. Suitable flowers are carnations, sweet peas, gci a mums, ioi,c , 
snapdragons, pansies, tulips, campions, an \\i o \\-iei • 

Boil a red carnation with a little water in a beakcio, small saucc^ 

pan for two or three minutes. Alloiv the liqui ( ' . , I 

purple in colour) to cool and pour it off. lest a lew drop ofJhe 
liquid in a test-tube with a drop of dilute ammon.a ora *. : soda 
solution. The liquid will turn bright green wall, the alkaJ 
same tube add a solu.ion of an acid drop by drop. When the alkah 
has been neutralized the liquid will become light red. Addition 

more alkali will turn it green again. ...... tcstc d as 

When the indicators obtained from different flowers ;„ es 

above with acid and alkali it will be found that the colon, cl anges 
are not always the same. While red is a common colon, obtained 

with acids, the colour given by alkalis may be > , g 

PU Rcd" cabbage is well known for its ability to yield 
Less well known, perhaps, are tomatoes, blackberries damsons, and 
elderberries. If the fruits themselves are not avadab ,y (u] q| . 
some cases use jam made from the fi uit. ius . - ^ water 

blackberry jam or jelly dissolved in an egg-cup u greenish 

gives an indicator which is bright red with ^ " 

purple with alkalis. The indicator obtained by bo ng mmato skuis 

with water is colourless in acid solution ml is 
by alkalis. 
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Changing the Colour of Flowers 

Have you ever seen blue roses or green sweet peas? You can put 
this question to a friend who is keen on gardening and then astonish 
him by actually showing him these very unusual flowers. All you 
have to do is to damp a wad of cotton-wool with a few drops of 
strong ammonia and put the wad into a jam-jar with the flowers 
mentioned. Red or pink flowers should be used. If they are kept 
in the ammonia fumes for only a few minutes they wall change colour 
and will not be injured. 

In a similar way you can change the colour of many other kinds 
of flowers. Those which are white, pink, red or purple are most 
easily affected. White flowers will turn to yellow, red or purple 
flowers to green or blue. You can carry out these colour changes 
with wild flowers or with flowers from the garden. 

Some white flowers can be changed to pink by placing the stems 
in water containing a few drops of red ink. This works well with 
flowers of the daisy family, including daisies themselves and 
marguerites. 

Luminous Pebbles and Luminous Sugar 

Next time you are on the sea-shore look out for milky-white 
pebbles (sometimes coloured yellow by traces of iron). These 
pebbles arc made of quartz, a form of sand. When rubbed briskly 
together in the dark they give oft' bright streaks of light, and at the 
same time there is a peculiar smell like that of burning rubber. If 
you collect half a dozen of the pebbles (the larger the better) you 
are certain to find three or four which show this curious property. 

A similar effect is obtained when a lump of sugar is ground up in 
a mortar with a pestle in the dark. Brilliant flashes of light are seen, 
as if the sugar were on fire. There is no danger of igniting the sugar, 
however, because very little heat is given out. 

Freezing Water without Ice or Snow 

Some chemicals when dissolved in water give out heat and cause 
an increase in temperature. Others, when they dissolve, absorb heat 
and cause the temperature to drop. By mixing together suitable 
chemicals and dissolving them, a solution can be made which has 
a temperature well below o° G. and can be used to freeze water. 

Put some cotton-wool at the bottom of a beaker or cup. Place a 
small tin inside and pack it round with cotton-wool, as shown in 
Fig. 43. Have ready a test-tube containing not more than half an 
inch of water. Measure out half an egg-cupful of powdered ammo¬ 
nium chloride and an equal amount of powdered washing-soda 
crystals. Mix the two together and put the mixture into the tin. 
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Pour into the tin three-quarters ^ the 

Introduce the test-tube containing * t j ie test-tube will 

mixture in the tin. In about a minute the water m the 

be frozen into solid ice. 

Getting a Quart into a Pint Pot 

This seemingly impossible ? at 

YmTdo not need to do'theExperiment with a pint pot, as i, is equally 
convincing if carried out on a smaller 
scale 

Take two egg-cups of about equal size. 

Fill one with sawdust and the other with 
water. Pour half the sawdust on to a piece 
of paper, leaving the egg-cup half lull. 

Put a glass tube or fountain-pen fillet into 
the water and transfer a few drops of 
water to the sawdust in the egg-cup. 

Continue adding the water in this way 
until about half of it has been transferred 

to the sawdust. 

Now add to the egg-cup the sawdust 
from the paper and level it off with a 
knife. Proceed with the transferring oi the 
water as before until only a few diops o 
water remain. The last few drops can :>e 
poured on to the sawdust from the egg- 



SOLUTION 


WATER 

Fig. 43- Method or 
freezing Water by 
Chemicals 


poured on to the sawdust troin bb ^ paIt is carefully 

cup down the side of the glass tu trans f C rred without spill- 

performed, the whole of the water cat ‘ ^ Q f wa t<*r and 

ing a single drop. You have now got an x to 

an egg-cupful of sawdust into a single egg P, 
putting a quart into a pint pot. 

Making Wood Charcoal ^ ^ 

Wood charcoal is made by heating v.ood^ t | ic ‘destructive 
that it does not burn. The process is som it yields three 

distillation’ of wood. When wood is heated n ■ ‘ rcspcc iively 

kinds ofproducts-a solid, a liquid, and a gas. Ihcscarcie , 

charcoal, wood-tar, and wood-gas. hard lass test-tube, but if 

The experiment is best done wit USC( l if it is not 

this is not available an ordinary test-tu )c • . ^ w jtli small 

heated too strongly. Fill the tube about on-<>third whkh 

pieces of wood or sawdust. Fit the tu jc (l ig. 44)- Fasten 

passes a short right-angled piece of glass tubing (1 >g- W) 
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the tube loosely in a clamp or hold it in a paper holder. It is essential 
that the tube should slope down slightly or the tarry liquid will run 
back and crack the glass. 

Warm the tube over a medium Bunsen flame, taking care to move 
the flame about under the tube in the early stages of heating. The 
wood will soon turn black, and a brown tar will collect in the lower 
end of the tube. The inflammable gas which is given off can be 

ignited at the end of the glass tubing. 

When the chemical action has finished allow the tube to cool, 
being careful not to tip up the tube so that the tar runs back. When 



Fig. 44. Method of making Wood Charcoal 

the tube is cool remove the cork and run the tar into an egg-cup. 
Test the brown liquid with a piece of blue litmus paper. The paper 
will turn red, because the tar contains acetic acid. Tap out the 
charcoal which remains in the tube on to a piece of paper. The 
charcoal can be used for some of the experiments described at p. 67. 

The tube which has been used in this experiment should be 
cleaned out immediately afterwards with hot soapy water or washing- 
soda solution. 

Ammonia from Soot 

Scrape a little soot from the back of the chimney into a saucer. 
Put about an inch of the soot into a test-tube and warm it with a 
little washing-soda solution or dilute sodium hydroxide. Ammonia 
gas will be given off and can be recognized by its smell and by 
turning damp red litmus blue. Soot is a valuable fertilizer for the 
garden on account of the ammonia which it contains. 
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The Chemicals in the Blue-bag 

A blue-bag is often used at home on wash-days to give a slight 
blue tint to the elothes. The blue tint counteracts the yello^, 
tinge which white clothing acquires with age. The b g . 

contains two chemicals, sodium bicarbonate and adeep blue sub 

stance called ultramarine. The latter is ^“" Xw ld cl arcoaf 

In^te of the fact that ultramarine is used for colouring cUithes it 

is quite insoluble. Because of this the two chemicals m the 

Ca powde e r Pa a r ,i«l d e of the materia, from the blue-bagwjdwthe bach of 
a spoon on an old newspaper. Put a )out an u t Shake 

a test-tube and fill the tube to about half-way w ' th ' W ]X ar bonate 
the tube for two or three minutes to dissolve the sodiu ‘ j 

and then filter the liquid. The filtrate 

solution, and the insoluble ultramarine wil e: c £ w j t h 

To show that the solution contains sodium bica^bona^ ^ of 

red litmus paper. The paper will turi • due to 

any dilute Lid to the solution. There will be cffei vcsccnce due 

the giving off of carbon dioxide. nn , : ne in the 

Add a drop or two of dilute acid, abo, to ic ‘ ‘ Ultra¬ 

filter-paper. The blue colour will be *°™J iVv this reason 
marine is very sensitive even to the wca es . SQ t p at 

sodium bicarbonate is incorporated wit it in ' ' dkalinc by the 

when it is used in washing the water is kept slightly alkaline by 

sodium bicarbonate. 

Home-made Tooth-powder 

The following tooth-powder is cheap to make^'.‘LL^powders 
your teeth better than most of the expensive p 

sold for the purpose. _ mince of 

In a dry jam-jar mix together with a aige - p \ crcc j woo d 

powdered (precipitated) chalk and an oun<* as finc powders for 
charcoal. Both of these materials can U . t a sm all 

a few pence- at a chemist’s. Transfer parr ot i“ u ‘ ired . 

jar and use the material from this jai, re 1 '"f, months 

The amounts stated should last you for a couple of months. 

Home-made Toffee Crunch 

The following recipe for a very % othS °^^"fbon dto^de gas 
author has tried it !) depends on the gw g 

by ^^e^^ of sugar and -- tahlespoon^s of syrup 

(or treacle) into l small saucepan. Bring the m.xturc slow ly 
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boil over a small flame while stirring with a spoon. Continue the 
boiling and stirring for six or seven minutes. Then remove the pan 
from the flame and stir in a small level teaspoonful of sodium 
bicarbonate. The contents of the saucepan will froth up as carbon 
dioxide is given off. Pour the toffee into a greased tin, allow it to 
cool, and break it up into pieces. 

Experiments with Camphor 

Camphor is an organic substance with the chemical formula 
C 10 H 10 O. It is used for making celluloid (p. 205) and for killing 
moths in wardrobes and drawers. At one time it was obtained only 
from certain trees growing in Formosa and Japan, but nowadays it 
is made synthetically from chemicals. A small block of camphor 
can be bought from the chemist’s for about sixpence. 

(i) Fill a large bowl with water and place a piece of camphor 
about the size of a pea on the surface. Apply a light to the camphor. 
The latter will set on fire and move about rapidly on the surface ot 
the water. If the experiment is performed in the dark the effect is 
quite weird. The camphor will continue to burn for a long time, 
with a smoky flame due to the high percentage of carbon which it 

contains. 

(ii) When gently warmed camphor sublimes readily. 1ms can 
be shown by the same method as described for naphthalene 


(p. 108). ... . 

(iii) Camphor is almost insoluble in water but dissolves readily in 

methylated spirit. Put a small piece of camphor into a dry test-tube 

with about half an inch of methylated spirit and shake the tube. 

The camphor will quickly dissolve. Pour the solution into some 

water in a test-tube. A white precipitate of camphor will be formed. 


How to remove Stains 

A knowledge of how to get rid of stains is extremely useful to the 
chemist, because most people regard him or her as an authority on 
the subject. From time to time ink gets spilled on clothes or acci¬ 
dents occur with chemicals, and you will increase your prestige 
enormously if you know how to remove the unsightly marks which 
result. A few words of general advice will first be given. 

Treat stains as quickly as possible. The older the stain the more 
difficult it is to remove. If the matter causing the stain (e.g., tar or 
paint) is caked on to the material, scrape off as much of it as you 
can with an old knife before applying treatment. Methods of treat¬ 
ment fall under two headings: (i) use of solvents, and (ii) use of 
chemicals. Warm water is a solvent which will remove many stains, 
but if the marks are caused by a greasy or oily substance such as tar 
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it will be necessary to use a solvent like Thawpit or: carbon> tetra¬ 
chloride. Benzene and petrol are often used to get 1 of^grease o 
oil marks, but these liquids are not recommended, because.they a 

dangerously inflammable. They must new be used '™ r0 ™ W ™‘™Z 
is a fire or naked light of any kind. Th.s warn.ng appl.es.*o 'to people 
smoking in a room. A considerable number of deaths through 
burning occur every year because Ats^recautton £> ' 

Non-ereasv Stains removed by water, me 
due to tea, coffee, treacle, jam, fruit, and blood. \\ arm water s. . 
be used, except in the case of blood-sta.ns which should 
with cold water. If the stain is not completely removed b> water 
it should be soaked afterwards in hydrogen pe.ox.de to uh.ch 

ammonia solution has been added (see latei). • 

Removal of Grease, Oil, and Tar Stains. If the 

only slight it is possible to get rid of them by soak.ng m warm soapy 

water for a time. For more severe sta.ns it .s achlor idc 

solvent like the proprietary liquid Thawp.t or carbonurach^ 
The latter is the cheaper if it is bought from a rhtm.cal^deale^ 

These liquids are non-inflammable, but should n ° because 

place (like a cellar) where there is little or no ventdatwn, because 

the vapours arc unsafe to breathe. I bey arc a s 
stains caused by black or brown shoe-polish. , 

In applying the treatment, put two or three folds o a.ctean. « 

or blotting-paper at the back of the stain and app > 1 

the stain with a wad of cotton-wool. The sta.n.ng matte. ssM b e 

washed out and absorbed into the rag 01 -> oUin ^'• a f lcr 
stain is large change the rag or blotting-papei n <n\ 

a time and continue the treatment. r mmr-ntinc 

Stains due to an oil-paint are best removed by mean pj ic 

or turpentine substitute, which is sold at the uonino. _ a- 

method of treatment is the same as described in t pi 

^Stains removed by Methylated Spirit. Grass s ^ ,nS . Removed 
removed by this solvent. Stains caused by dyes can o cn ^ mon ia 
by methylated spirit to which one or two drops ° sl,< ’ 1 k ‘ D 1 a ccd 
solution have been added. An absorbing pad slou . r j.j n „ 

below the stain as previously described. Marks due to vl ° colour 
ink should also be treated with methylated spirit, ai, y ^ r> i, vt i roC cn 
remaining being got rid of by chemical treatment \m 
peroxide or bleaching fluid (see next section). hl.-icli- 

Ghemical Treatments. Some of these involve the ^ c ol ^ dc 
ing liquids, such as bleaching fluid (sodium hypoc \ on c> , . t 
of lime, and hydrogen peroxide. The first two ol these sl«U® 
be used on woollen materials such as flannel trouseis, je 
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destroy the material. In every case the material after treatment 
should be washed well in water to remove the chemical. 

(i) Iron mould. This can be removed by soaking the stain in a 
solution of citric acid for a time. Use a solution containing a tea¬ 
spoonful of citric acid dissolved in an egg-cupful of warm water. 
Lemon-juice can also be used, but this takes longer, as it is a weaker 

solution of citric acid. . 

(ii) Blue-black writing-ink. First wash out as much of the ink as 
possible with warm water. If the stain is fresh and only slight it can 
be removed by soaking it in milk for a while. More severe stains are 
removed by soaking them in a solution of hydrogen peroxide to 
which a few drops of strong ammonia have been added. A suitable 
strength of hydrogen peroxide is one part of the 20-volume solution 
to three parts of water. Solutions of bleaching fluid and chloride of 
lime arc also effective. In the first case dilute the strong bleaching 
fluid to five or six times its volume with warm water; in the second 
stir a teaspoonful of chloride of lime with an egg-cupful of water for 
a few minutes and pour off the clear liquid, which is then applied. 
For ink-stains on wooden surfaces apply a paste of chloride of lime 
and water. Leave the paste on the stain for a time and then remove 
it with a wet cloth. 

If the stain is old the chemical treatments described above may 
leave a brown stain due to iron in the ink. Remove this by the 

method described for iron mould. 

(iii) Red ink. There are many types of red ink, and treatment 
which is successful in one case docs not necessarily work in another. 
The best thing to do is to try in order the following: warm water, 
methylated spirit, hydrogen peroxide, bleaching fluid or a solution 
made from chloride of lime. 

(iv) Scorch marks. If these arc not too severe they can be removed 
with hydrogen peroxide. Severe scorch marks cannot be removed 
entirely, but the brown colour can be made paler by applying 

hydrogen peroxide. . 

(v) Laundry blue. Vinegar or any weak organic acid like citric 

acid should be applied. 

(vi) Iodine. This stain is easily removed by treatment with a 
dilute solution of‘hypo’ (sodium thiosulphate) or washing-soda. 

Chromatography 

(A New Method of Chemical Analysis) 

Chromatography—which means literally ‘ colour-writing,’ is a 
new tool in the hands of the analytical chemist. It was discovered 
by a Russian called Tswett in the early part of the present century, 
but it has only come into general use since about 1930. It is extremely 
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useful in separating and identifying substances when other methods 
Uke fractional crystallization or fractional dist.llat.on, are difficult 

OF Chromatography depends on the ability of certain powdered 

chemicals to make substances stick to the surface <*f ‘ hc ‘ r P" UC,e - 
This DroDertv which has already been noted with chat coal (p. / > 

is ^called ^ adsorption.’ Tsw ett carried out his 

with chalk (calcium carbonate), but alum.n.um oxide .s the pond 

most commonly used nowadays. ; me nts at 

It is easy to perform some simple but interesting experiments a 

home on chromatography if you have some powdered chalk 
starch. The only apparatus needed is a test- - 
tube with a hole in the bottom, and this you 
are likely to acquire in the course of your 
other experiments. Cover the hole by pushing 
a small plug of cotton-wool to the bottom ol 
the tube with a rod or pencil. Fill the tube 
to just over half-way with fine starch or 
chalk (known to the chemist as ‘ precipitated 
calcium carbonate) and pack it into an even 
layer by pushing it down with a pencil. 1 o 
obtain good results, even packing of the pow¬ 
der is needed, but it should not be packed so 
tightly that liquid cannot soak through it. 

Ordinary blue-black writing-ink can be 
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COTTON-WOOL 
HOLE IN TUBE 

Fig. 45. Chromatogram 
from Blue-black Ink 
with Chalk 


Ordinary bluc-oiacK «• in k 

used satisfactorily with the prepared tube. Mix a thin ; 

with a thimbleful of water and pour three drops of the mixture 

into the test-tube. Stand the test-tube in a jam-jar. In a feu 

the ink will have soaked down into the fine white p 

have stained it. You will find, however, that the P^vder has een 

stained different colours in different parts At the top them«.II 

a narrow black ring. This will be followed by a longc e purple layer, 

and this again by a light-blue layer (Fig. 45) . Ih< ‘ 1,0u , ' , 

the different layers can be made sharper by adding a l.ttle uate, 

to the test-tube and letting this soak through the P 0 "™- 1 ' 

Each of the layers in the tube corresponds to a separate constuuent 

of the ink. The black constituent is adsorbed by th P 

readily, followed by the purple and light-blue constituents 1 bus in 

this experiment the colouring-matter in the ink is a. d mm^ .1 
three substances which make it up. The set ol coloured layers 

the tube is described as a ‘chromatogram. , , 

The same experiment ear. be performed with '^ ‘f’ 

results vary considerably with the make o ,n • n ‘ , cnt 

one coloured layer is obtained, showing that only one dye is preset 
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in the ink; in others two or three differently coloured bands—red, 
orange, and yellow—reveal that the ink contains more than one dye. 
It is interesting to mix together a little red ink and blue-black ink 
and filter the mixture through the chalk or starch. You will obtain 
a chromatogram corresponding to the two kinds of ink. 

Other solutions which yield interesting chromatograms are log- 
wood extract, cochineal solution, and extracts made by boiling 
coloured flowers with water. 

Calcium carbonate is not a suitable material to use for experiments 
in chromatography with most of the ordinary chemicals mentioned 
in this book. This is partly because many of them act chemically 
with the chalk (the use of powdered starch overcomes this difficulty). 
Again, many chemicals are colourless, and, although they are ad¬ 
sorbed by chalk, the layers cannot be seen. One coloured mixture, 
however, which can be separated with chalk is a mixture of 
copper sulphate and cobalt chloride solutions. The mixture will 
give a blue layer, due to copper sulphate, followed by a pink layer, 
due to cobalt chloride. 

If you arc interested in the subject of chromatography you can 
find out more about it in a book called An Introduction to Chromato¬ 
graphy , by Trevor S. Williams (Blackie, 1946). 

Making * Smoke-rings * with Ink-drops 

Most readers will have seen smoke-rings produced by blowing 
cigarette smoke out of the mouth. Similar rings—but far prettier 
oncs —can be made by dropping ink into water, as now described. 

Nearly fill a jam-jar with water and leave it until the water has 
become still. For adding the ink-drops use a dropping-tube (p. 36) 
or a small syringe. If neither of these is available fold a filter-papei 
(or even a piece of newspaper) as for filtering and pour a few drops 
of ink into the paper. A llow a single drop to fall into the water from 
a height of about an inch. A perfect ring will be formed in the 
water, but as the ring falls it will break up into several smaller rings, 
each one being perfect in shape. A second drop of ink will behave 
similarly. 

Repeat the experiment, using fresh water in the jar, but this time 
dissolve a tcaspoonful of salt in the water. Again wait until the 
liquid has become still before allowing the ink to fall. Rings will be 
produced as before, but this time, instead of falling to the bottom, 
they will remain suspended in the liquid and you will have time to 
examine them. You will be surprised by their beauty. If you have 
any other coloured inks you might try the experiment with these. 



CHAPTER VII 


Growing Crystals at Home 


Crystals are one of the best examples of the 

handiwork. Few people are indifferent to esp ^ snowflake! No 

whether it be a princely diamond or on y - en exper i- 

experiments in Chemistry give greater p easu of crystals 

menter than the growing of crystals, and to build up a set ol cryst 

which can be kept affords a lasting satisfaction. k 

The growing of crystals is usually 

position for amateur chemists to attcmp . * w cryst als of 

devised methods which make it easy for boys * y and 5 

common chemicals at home. The illusti ations in 4 

show how successful these methods can be ^ che micals, 

Apart from a funnel, filter-papers, and rrV ctallizinff-vesscls 

no special materials arc required Iwoor | h,e ® > fish-pastes are 

are needed, but the small-size glass pots in w factors 

sold serve admirably for the purpose. The most “\ cw 

are time and patience, for large crysta s C<1 ^ only 

days. While some of the crystals shown4 ^^nThs" 

a few weeks to grow, others rcc l« ir J a P llou ble you can make a 
However, if you arc prepared to take the t tou , > 

set of crystals of which you can feel justi la :> y p knowing some- 
Now, a man cannot start to build a house without knowing some 

thing about bricks and mortar and building-constiuc ■ 
if you are going to grow crystals successfully you must have o 
knowledge of crystals. We shall therefore desc. .be br.erty 
crystals are and how they are formed. 

What Crystals are 

Most chemicals, whether they are elements or founds, can 
exist as crystals. Furthermore each substance usuallyJ^opt P 

ticular crystalline shape although v, ‘ ry ° i, ius thc nalura l shape 
adopted by crystals of different substance . , , ( c j R ht-sidcd), 

of both a diamond and an alum crysta is , in t hcir natural 

as illustrated in Fig. 47- We ^ cut to in¬ 
shape in everyday life because thc dia^ we obtain them in the 

crease their sparkle, but when we grow Y* 

form designed by Nature. right conditions 

It is usually necessary to grow crystals under . ° Ucd ‘crystal' 
before their crystalline shape can be observed. A 
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of copper sulphate in your stock-bottle consists of many thousands 
of very small crystals joined together just anyhow. When a crystal 
of copper sulphate is grown in a solution under suitable conditions 
the molecules fit together in a regular pattern, like soldiers on parade, 
and produce a definite shape of crystal with flat never curved 
faces. In many of the experiments described in previous chapters 
chemicals have been crystallized out. Generally, however, they will 
not have been obtained in their true crystalline form because they 
have not been grown under the proper conditions. 

Some crystals are easier to grow in their true shape than others. 
Large crystals of common salt and washing-soda are very difficult 
to grow, and you will waste your time if you make the attempt. 
Again, many substances form needle-shaped crystals very readily. 
This is called the ‘needle habit,’ but such crystals do not represent 
a true crystalline shape. ‘Needles’ are formed as the result of the 
crystals growing out lengthways along two or three faces instead of 
growing in the right proportion on all the faces. The crystals 
obtained, therefore, are distorted or out of shape. Good examples 
of the needle habit arc shown by ammonium chloride (p. 60), 
sodium sulphate (p. 97), and magnesium sulphate (Plate 4). 

Some further information on the structure of crystals is given at 
the end of this chapter. 

Practical Hints on growing Crystals 

Big crystals grow from small ones, so that our first task is to obtain 
some small crystals of good shape. 1 he chiet methods of crystallizing 
a substance have been used in experiments described in the earlier 
part of this book. These methods include: allowing a melted sub¬ 
stance to cool and solidify— e.g., ice, p. 146; precipitation— e.g., 
boracic acid, p. 63; sublimation— e.g., iodine, p. 78; crystallizing 
from a solution— e.g-, alum, p. 55. Only the last of these methods 
is employed to obtain the small crystals which we use as the starting- 
points for growing large crystals. 

In order to obtain the small crystals from a solution, the following 
important principles should be remembered: 

(i) Crystals of a substance can only be deposited from a solution 
after the solution has been saturated with that substance. 

(ii) Nearly all solids are more soluble in water at a higher tem¬ 
perature and less soluble at a lower temperature. 

(iii) Before a crystal can form, even in a saturated solution, there 
has to be present a ‘ nucleus’ around which the crystal can form The 
nucleus is a tiny particle possessing the same shape as the crystal. 
It may result from the molecules in solution coming together by 
accident in just the right way to start a crystal forming. More often 
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it is provided by a chance particle ofdust in the liquid. 
is dirty there will probably be a lot of nuclei present wnh the resuk 
that many small crystals will form; but these will be too small m 
do anything with. Solutions should therefore be filte.ed and p 

teC (^ RapidTrystalliaation occurs when a saturated solution is 

evaporated or cooled quickly. Again it produces a useless mas of 

very tiny crystals. Gradual crystallization, by means ol stow 

evaporation or cooling, results in fewer but larger crystals. It 

latter result which we wish to achieve. 

The reader will notice how the above principles are used m 

instructions given in the following pages. . « r r0m a 

The usual method described for growing a large c.ystal hom a 

small one is to tie a piece of cotton round the , sm f‘ ^^'no'mj 

it in a saturated solution of the same chemica . j • j ,1 1C 
from the solution fresh layers of the chemical arc deposited ondc 
crystal. For this method to be successful the temperature mrnt i m 
absolutely steady.. This condition is impossible “ rc al ze excep 
in special circumstances. Sooner or later the weather w becotne 
warmer, the temperature of the solution will rise, a d ^ >sta 
which may have been growing satisfactorily for a week udl dissolve 

the solution (now unsaturated owing to the rise ... « " ' 

The author’s method is to grow the crystal always wrth ofM 

temperature. Briefly, tin- method is to put the crystal 

solution (usually slightly warm) at night and take . out . c 
morning. It is rare for the weather to become waimc du.ing u. 

night. Usually the temperature falls, a 

deposited Irom the saturated solution. n v criven 

crystal is more reliable and more rapid than the one usualyg.ven 

in text-books of Chemistry. Even if the temperature does i se the 
precautions described will ensure that only slight damage 
done to the crystal, and this can be easily repaired; 1S 

The place where you leave the crystal in i s so . j 

important. It is best to vary the place according to.the .me: oldie 

year. In winter, when the weather is cole , t u mos QU i< kly 

is inside the house, because then solutions wUl not co is smaller 
In summer, when the fall of temperature during the night issmah^, 

the solutions can be lelt in an outside building sue ‘ j iave to be 
In the case of one or two substances specia pitca , 

observed, but these are mentioned in the appropriate places. 

An Alum Crystal 

An alum crystal is one of the easiest kinds ofcrystaLto grow. ^ he 
crystal is octahedral, or eight-sided (see Plate* 4), a 10 k 
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‘ cornering ’ occurs—that is, the crystal grows with one or more of 
its corners missing, just as if they had been cut off with a sharp razor. 
This phenomenon of cornering is common with other crystals as 
well. This will be seen by reference to Plates 4 and 5. 

There are three stages in growing a crystal which measures, say, 

two to three inches along the side. 

Stage I. Obtaining a Small Crystal of Good Shape. First 
you will have to make a saturated solution of alum. This can be 
done in two ways. You can heat some alum with water in a beaker 
and afterwards cool the solution or you can leave the alum in the 
water in a beaker or jam-jar for twenty-four hours, occasionally 
stirring the liquid. In either case use a tablespoonful of the powdered 
chemical to about half a cupful of water and add hall a dozen drops 
of dilute sulphuric acid or sodium bisulphate solution. The acid is 
not absolutely necessary, but in its absence the alum will become 
slightly decomposed by the water after a few days and the solution 
will no longer be clear. When the saturated alum solution is cold 
some of the solid substance should remain undissolved. 

Filter off enough of the solution to fill your small crystallizing-pot 
(which should be clean) to a depth of only quarter of an inch. In 
filtering, omit the usual preliminary wetting of the filter-paper 
(p. 27). Cover the pot with a piece of cardboard in which half a 
dozen holes have been pierced with a pencil point and leave the pot 
standing on several folds of paper on a shelf. Cover the beaker 01 
jar which contains the remainder of the saturated solution and leave 
it beside your crystallizing-pot. 

At the end of another twenty-four hours you will probably find 
that a few diamond-shaped crystals have been deposited on the 
bottom of the crystallizing-pot. If this has not happened, remove 
the cardboard cover and leave the vessel for a further period until 
the crystals appear. Pour off the liquid from the crystals. With the 
point of a penknife transfer three or four crystals (not necessarily the 
largest) which have the best diamond shape to a piece of filter-paper 
and dry them. (An electric torch shone upward through the bottom 
of the dish will enable you to see the crystals clearly.) Wash out and 
dry the crystallizing-pot. 

The next step is to obtain a crystal large enough to tie a piece of 
cotton round. We now begin to make use of the principle ol the 
falling temperature. At night again filter sufficient of the saturated 
solution to fill your crystallizing-pot to a depth of quarter of an inch. 
Place the three or four crystals in the dish, spacing them so that they 
do not touch. Cover the dish with cardboard as before and leave it 
overnight. The following morning pour off the liquid and dry the 
crystals on filter-paper. The crystals will have grown appreciably 
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larger, and you should now have at least one measuring J inch 

across which is large enough to tic cotton round. . . . 

Stage n. The Cotton Stage. We describe the stage in this 
way because each night the crystal is suspended by cotton in the 
saturated solution. Thin mending-silk sell do equaUy well. Th 
best colour of cotton or silk to use is white. , is a 

To tie one end of a length of cotton round a smal1 cr > s “ “ “ 
ticklish job, but with a little patience it can be managed so that the 
crystal is held securely. Make a small hole in the middle of a wood 
spiu'or gardener’s wooden label. Thread the other end of the cotton 
through the hole and fasten this end to a pin. Insert the pm nto.the 
wood g at a suitable place, so that the crystal will be suspended - 
about the middle of the pot (see Plate 4)- This arran emen 
makes it possible to raise or lower the crystal in the solution 

req in ir th d e early part of the evening nearly fill the crystallizing-pot 
with saturated alum solution from your stock and >nuoduec also 
into the vessel a thin layer of the powdered solid 1 Leave he Pot to. 
two or three hours in a warm place-such as on the h ^ r ". or in the 
airing-cupboard-and stir the solution every hour o, so Be carelul 
not to spill the solution on carpets or clothes, oi i \ i 
(if any of the liquid is accidentally spilled, treat it at once with 

dilute ammonia or baking-soda). Before you go o * - 

crystallizing-pot to a cool place and allow it to coo for ten minutes 

before suspending the crystal in the solution, as s 1 ' ‘ 

Leave the crystal thus suspended overnight All you have to do 
following morning is to lift the crystal wood spill, and pm l.om th 
pot and dry the crystal with a piece of filter-paper o. blolting-pape^. 

The next evening again slightly warm the solution ax described 
previously, and replace the crystal in the liquid before you go to bed 
Again remove the crystal in the morning. In this way ‘he experiment 
will require only a few minutes’ attention at night and in th S- 

Each morning you will find that the crystal has inc eased in size 
because solid has been deposited on it horn the soluti ® 

the fall in temperature. Removal of the crystal m the mo.n.ng.will 
guard against the daytime rise in tcmpcratuie. cw i P 
saturated solution of alum should be added to the d.sl. Com your 

Sometimes you will notice that small irregular growths form o. 
the faces of the crystal. These growths are caused by chance pa * 
of dust attaching themselves to the crystal faces and acting asnuclei 
for new growths. The irregular growths should lie gel y 
away with fine sandpaper, after which the fitce of the crystal should 

be wiped over with a damp cloth. 
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Small alum crystals arc always formed on that part of the cotton, 
which is in contact with the solution. These crystals should be 
removed. This can be done by laying the crystal and cotton on a 
newspaper and crushing the small crystals on the cotton with a pen¬ 
knife handle, after which any remaining substance can be gently 

rubbed off. . 

In a week or two the crystal will have grown too big for the small 

crystallizing-pot. Growing is now continued in a somewhat larger 
pot, which will suffice until the crystal measures about one inch 
along the side. This should take about a month. After this you can 
bring a jam-jar (one-pound size) into service. The jam-jar can be 
used until the crystal has edges about two inches long. It is a good 
idea, however, never to use a volume ot solution which is much larger 
than the crystal. If then something does go wrong (the temperature 
may occasionally rise during the night) only slight damage will 
occur to the crystal. This usually shows itself in the rounding of the 
edges and corners of the cry stal because the crystal tends to dissolve 
most easily at those parts. Providing the dissolving is not too great, 

the loss will be made good in a night or two. 

From time to time during the growing of the crystal the cotton 
used for suspending will rot and become weak. It should be changed 
before it breaks. Cut off the cotton where it enters the crystal with 
an old razor-blade and attach a fresh length to the crystal and pin. 
As the crystal becomes larger it is best to make a slip-knot in the 
cotton which is then slipped round the crystal and drawn tight. 
Attach the cotton so that the faces of the crystal which were pre¬ 
viously uppermost in the solution now point downward. This will 
counteract a tendency for the lower faces of the crystal to grow more 
rapidly and will keep the crystal in good shape. 

Stage HI. Growing a Very Large Crystal. Perhaps most 
boys will be satisfied with the size of the crystal which they have 
obtained at the end of Stage II and will wish to start growing a 
crystal of another substance. For those who desire to continue the 
growth of the alum crystal still further, the method ol proceeding is 
given. 

We now abandon the cotton method of suspending the crystal 
and continue the growing in a basin. A basin with a rounded bottom 
and measuring about four inches across the top and three inches deep 
is suitable, although larger basins can be used later when required. 
With a few differences, the same method of putting the crystal into 
the slightly warm saturated solution at night and taking it out in 
the morning is followed. 

You will now require sufficient saturated solution nearly to fill a 
two-pound jam-jar. When making the new saturated solution leave 
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the powdered solid in contact with the water (plus a little dilute 
sulDhuric acid) in the jar for at least two days, with occasiona 
stirring to ensure saturation. Never risk putting the crystal .nto the 
solution unless you are certain that the solution is saturated Other 
wisevou may undo a month’s work in the course of a single night. 

in th^*^ rfp.* ^ 

ext ^ 

thC Inthe morning arrange two or three folded newspapers on top of 

Pick up the crystal from the solution with your fingers 

described ^"previously^ 1 Replace 7 t in the basin with a different face 

covering the crystal in the basin at bed-time mct hod dcs- 

The size to which you can grow your crystal by haps 

to grow. 

Crystals of other Alums 

The substance commonly known as alum is 
sulphate (p. 54). and forms colourless transparent crystals^ O hc 
substances which are also called alums are chrome aluniandnon 

alum. Both of these chemicals form crystal* which ‘ a]um 

shape to those of ordinary potash alum, but are co 
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crystals are violet, while chrome alum crystals are deep purple. 
Both are easy to grow and give beautiful crystals. Photographs of 
these crystals are shown in Plate 4. 

The method of procedure in growing the crystals is similar to that 
described for potash alum. When the saturated solutions are being 
prepared a few drops of dilute sulphuric acid or sodium bisulphate 
solution should be added to the water to prevent the slight decom¬ 
position of the chemicals by the water. 

Iron alum can be bought in two forms, potassium iron sulphate 
and ammonium iron sulphate (p. 81). The crystals of the latter 
form grow relatively quickly and are the better kind of iron alum to 
use. The solution is brown in colour. Care should be taken not to 
spill the solution about, as it leaves a stain of iron mould. After 
handling a crystal of iron alum you should wash your hands well 
and wipe them on an old cloth, not on a towel. Accidental stains 
can be removed by early treatment with citric acid (p. 152). 

Chrome alum is potassium chromium sulphate (p. 69). The satu¬ 
rated solution is blackish purple in colour. There is a tendency for 
this chemical in solution to pass into a green form, which is difficult 
to crystallize. Therefore, to economize in the use of the substance, 
you should not prepare mot e of the saturated solution than you are 
likely to require for immediate needs. The change to the green form 
is hastened by heating, so that it is not advisable to warm solutions 
of chrome alum more than slightly at any time. Again your hands 
should be washed well after handling a crystal. 

Making a Crystal Overgrowth 

This curious example of crystallization requires two chemicals 
which have similar crystals; potash alum and chrome alum are 
good substances to use. The experiment consists of growing a crystal 
of one substance and then growing a crystal of the second substance 
outside the first. This is called a crystal ‘overgrowth.’ 

First grow a crystal of the purple chrome alum by the method 
which has been described. When the crystal has grown to a size of 
about half an inch suspend it at night in a slightly warm saturated 
solution of ordinary alum and immediately transfer your crystallizing- 
pot to a cooler place. You must be quite sure that your second alum 
solution is saturated. Otherwise, instead of the potash alum becom¬ 
ing deposited on your chrome alum crystal, the crystal will start 
dissolving in the solution. In the morning a colourless layer of 
potash alum should have been formed round the crystal. If you 
continue the growing each night you will obtain a transparent 
crystal of potash alum through which the purple chrome alum 
crystal can be seen. 
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An ‘overgrowth’ of potash alum on chrome alum is illustrated m 
Pl£ . Zhtcase, after obtaining the double crystal, one half of 
^ crystal has been ’removed by rubbing with sandpaper so that a 
cross-section of the double crystal is shown. 

A Copper Sulphate Crystal 

This is another crystal which is easy 

acidhar’sodium bis^lphate solution should be 

ad When ^crX 1 of copper sulphate is being grown there is a 
maTed" tendency for unsightly irregular grow^ to -m on the 

faces of the crystal. Once these appear - tm^ved° %v -, h P sand- 

reappearance, even when they are regul«ly removed 
paper. It is a good idea to grow two or three cry g 

the early stages, and then select for / U “„' cr g sulphate crystal is 
which is most free from blem.shes. A copper sulpnai y 

shown in Plate 5. . 0 rnrrosivc if left on 

Copper sulphate solution is po.son°ui . d ^ howe ver, if 

clothes or wooden surfaces. It is sale enoug 

ordinary precautions arc taken in handling it. 

A Ferrous Sulphate Crystal 

It is more difficult to grow a youfrom 

crystals previously mentioned bu i h h wh at can be done 
trying. The crystal illustrated in 1 late 5 

in this case with a little care. • , t include a little 

In making a saturated solution ■' j^^ution in the liquid, 
dilute sulphuric acid or sodium n I oxidizes in air to the 

Ferrous sulphate (both solid an so d • the solution 

brown ferric sulphate, but this change is prevemc 

by the addition of the dilute acid. et-irtine-ooint for the 

The small crystal which is to be used in the 

large crystal can be obtained rea 1 y S R rcquircs a slightly 

first stage of growing an alum cry • to gr0 w a ferrous 

different method, however, bccaus rrV stals Rapid growth 

sulphate crystal more slowly than other crystals^ Rap. g 

results in the depositing of‘seedy’ crystals which mar P 

the crystal as a whole. . , .. t : c d round 

When the small crystal has been o ta,ne^ n ^ Wthout vvarm ing the 

it, suspend it at night in the satura e ofthe fall in tempera- 

latter at all. In this way you will 

ture which occurs during the mg t. P and pac k the space 

into a larger vessel, such as a cup or a g, 
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between the two vessels with cotton-wool. This will ensure that the 
temperature falls slowly and will result in a very gradual depositing 
of solid on the crystal. Remove the crystal during the day and 
replace it in the solution at night. 

Instead of the faces and edges of the crystal being perfectly smooth, 
they will be somewhat rough. Remove this roughness each day by 
gentle rubbing with fine sandpaper. Afterwards wash off any powder 
on the crystal by holding it for a moment under the cold water-tap 

and dry the crystal with 
filter-paper or blotting- 
paper. 

When the crystal be¬ 
comes large enough you 
can pass on to Stage III 
and continue the growth 
in a small basin. It 
takes longer to grow a 
large crystal of ferrous 
sulphate than most 
other crystals. The crys¬ 
tal shown in Plate 5 
took about three months 
to grow. 

As with iron alum, 
ferrous sulphate will 
cause iron mould if 
spilled on clothes, so that care should be taken to prevent this 
happening. 

A Ferrous Ammonium Sulphate Crystal 

Ferrous ammonium sulphate is a common chemical and can be 
bought cheaply. Alternatively, you can make some for yourself 
from ferrous sulphate and ammonium sulphate, as described at 
p. 60. It forms a beautiful crystal, which is transparent and light 
green in colour (Plate 5). It is an easy crystal to grow. The method 
used is similar to that described for the alum crystal. A little dilute 
sulphuric acid or sodium bisulphate solution should be included 
when the saturated solution is being made. Again care should 
be taken to avoid spilling the solution, which may cause iron 
mould. 



A Copper Ammonium Sulphate Crystal 

This chemical is not very common, but it can easily be made from 
copper sulphate and ammonium sulphate, as described at p. 61. 
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The crystal, which is a beautiful light blue ,n colour 

general shape as a ferrous sulphate crystal (see Plate 

fhe more difficult crystals to grow, but successful resuhs can be 

obtained with the method of slow growing described for the lerrous 

ammonium sulphate crystal. 

Preserving Crystals 

If you wish to make a permanent collection of the crys.als wffich 
you have grown it is necessary in some cases to protect: themJrom 
the air, because some crystals spoil on exposure to. «'• Cffiome 
alum, copper sulphate, ferrous ammonium sulphate and pp 
ammonium sulphate need no protection, as they arc_n°t affec ed by 

the air. Crystals of potash alum, iron alum, and £ ““ 

all change when left in the air, although the reasons for the changes 

are not the same in every case. surface 

Potash alum and iron alum are efflorescent—that is, the sui la 

acquires a powdery layer, which ruins the 

crystals. The same phenomenon has been noted with cashing sod^ 

crystals (p. 89). The change is broug“ d °“‘ f or the change to 

crystallization to the atmosphere, rhe tendency 10 h 

occur is only slight in the alums, and in win ci, jj | p 

of moisture in the atmosphere, it may not happ 

summer weather it is certain to occur. 

Ferrous sulphate crystals turn brown when exposed to^he^ir, 

because the atmospheric oxygen oxidizes them 

"crystals of both alums and ferrous sulphate can be P-ctwedby 

putting them in a bottle with a tightly fitting stopp surface 

method is to apply a transparent protective covermgtothesuriacc 

of the crystal'The best protective covering in he ' 

periencc, is Perspex cement, which is use Ji transparent 

pieces of Perspex (p. 221). This cement gives a 1 ^ matcr ial to 

coating which docs not readily chip off Anotlu r g 
use is colourless nail-varnish. Egg-shell varnish can be used, 
tends to give a crystal a slightly yellowish appeal an ■ cryst al 

When you are applying the protective 
on top of an egg-cup and paint the top ia o and pa j lU 

Allow the varnish to dry; then turn t ic ci ys . j s hould 

the other half. Two or three coatings of the material shot 

bC r 8 ina C ll y , do not handle your crystals, or allow oth« people^ 
handle them, more than is absolutely necessary. . t j ie 

moisture on the fingers and repeated handling w 11 damage 

faces of the crystals and cause them to lose their lustre. 
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The Structure of Crystals 

If, as a result of your experiments, you have become really 
interested in crystals you may be interested to know a litde more 
about how they are built up. Although crystals sometimes appear 
to have a complicated shape, the fundamental plan of their structure 
is actually very simple. A builder who contemplates putting up a 
lot of houses in a road may not wash all his houses to look alike. He 
therefore makes out three or four different plans, so that he can 
build three or four types of house. In the same way, Nature has 
designed altogether seven plans for crystals, and these we call the 
seven crystal ‘systems.’ Only three of these systems are represented 




Fig. 47. Why Common Salt and Alum belong to the same 

Crystal System 

The axes of symmetry (dotted lines) arc at right angles to each other and arc of equal length. 

by the crystals described in this chapter. We shall deal briefly with 
the three systems. 

The Cubic System. Common salt, potash alum, iron alum, and 
chrome alum are included in this system. 

We say that the earth spins on its axis once in twenty-four hours. 
The axis of the earth is an imaginary line running from the north 
pole to the south pole through the centre of the earth. Similarly, we 
imagine lines drawn through a cubic crystal of common salt to the 
centre of the faces as shown by the dotted lines in Fig. 47. These 
imaginary lines in the crystal are called axes of symmetry, and there 
arc three of them. 

It is obvious from Fig. 47(a) that any crystal which forms a cube 
must have its three axes of symmetry at right angles to each other 
and, furthermore, they must be equal in length. This is the funda¬ 
mental plan of all crystals which fall within the cubic system. 

The conditions that the three axes of symmetry should be at right 
angles to each other and of equal length are also fulfilled by an alum 
crystal. It follows that the same fundamental plan can give rise to a 
cubic crystal like salt or an octahedral crystal like alum. Actually, 
an octahedral crystal of alum is merely a cube from which all the 
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eight corners have been cut off. The cornering of crystals in this 
way is very common in practice and is quite in keeping v 
fundamental plan of the crystal. This is shown by the fact that when 
salt is crystallized from solution under special condemns it forms 




F.o, 48. Why Ferrous Suephate and Ferrous AsmoN^s. 

Sulphate belong to the same Costal ^srt.i 

Two of the o*the eng 1 1 ofUt c'a^tes Ire 

octahedral crystals like alum and not cubes. Cle "'y> 
fundamental plan gives rise to a cubic ciysta 01 

crystal depends on circumstances. . 0 r 

The Mono clinic System. This is the most common systemof 

the crystal world, and to it belong the crystals ol ferrous su Pl a 

ferrous ammonium sulphate, and copper ammonium sulphate. 

Other members arc sugar, washing-soda, and Glauber 




Fig. 40. How a uippkr - 

The axe, of .ymme.ry are all inclined to each other and are unequal tn leng .. 

Again there are three axes of symmetry. This Time , ho 
two of them arc at right angles to each other and the h.rd ‘s mclmed 
to the other two. The bright reader will notice that this > ‘^.cated 

in the name ‘ monoclinic.’ The lengths of the axes are all unequ . 

This is shown in Fig. 48. . , ™„ r , r , r ii n ; r 

Cornering is again common with crystals m 
system (as is illustrated by the ferrous sulphate crystal0, but -this^does 

not disagree with the fundamental piam q ( ' t ,f at ‘ of f crr ous 
have the chemical formula FcS 0 4 .71 2 > 0 w r t u at 

ammonium sulphate is FcSO. . (NH^SO, . 6H z O. We see that 
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the only difference between the two substances is that one molecule 
of ammonium sulphate replaces one molecule of water of crystalliza¬ 
tion from ferrous sulphate crystals. It is reasonable, therefore, to 
expect that the two substances would crystallize according to the 

same plan. , ,_. 

The Triclinic System. In this system we find copper sulphate 

crystals. As the name ‘triclinic’ indicates all the three axes of 

symmetry are inclined to one another and do not form any right 

angles. In addition, all the axes are unequal in length. The usual 

shape of the copper sulphate crystal, which looks comphcated, is 

simply the result of cornering. This is shown in Fig. 49. 


CHAPTER VIII 

The Preparation and Collection of Gases 

The preparation and collection of gases at are^more^iflic^t 

than in a laboratory, where the prop P together 

However, for the boy who wishes l ? ™ ide sp l C ndid practice. 

and handling apparatus, these cxpcrimc p P foUow 

Only small-scale prepara,^ ^rself up, gassing 

the instructions there is little risk •„« r-mw for alarm to your 

yourself into insensibility, or otherwise givu & ‘ . are not j n - 

parents. The preparation and collection of \ny hut 
eluded in this chapter. This gas -is> £ vcn in laboratories it 

experienced chemists to expcrimer • a p t i ie other 

has been the cause of more serious explosions than all 

8a The PU a t p; 0 a 8 r e am: r describcd is of the simplest kind and, apanh-om 

corks and glass tubing, consists mostly o in whic h heating 

As far as possible methods of prcpaiation a S . . « 0 od idea 

is not required. When heating cannot be avoided, ^ago^ ^ 

to obtain the help of a friend for the prepar • attention to t h c 
look after the heating while the othci is givi g 

collection of the gas. 

Materials required 

The best kind of vessel to use for preparing 
flask. A flat-bottomed flask is employed when hea g ^ formC r 
a round-bottomed flask when heating is requ • k 

case a large medicine bottle can be used as a subst.“ , dcd 
while a boiling-tube (p. ,7) can olten.be usedl £££**«“ * bc 
A damp for holding the vessel is a dec.ded^advan^ preparation 

dispensed with if there are two people L ; into a [lask or 

Rubber bungs are better than corks fo. fitting mt 

bottle, as they are gas-tight. Rubber u ^ collecting gases 

bored for the size of tubing usual y emp oy fairly gas-tight if they 

(see p. 22 ), but ordinary corks can be to bore 

are first soaked in melted candle-wax. f , tubing through 

the cork and pass a short right-angled piece of g '^“n )e | p . a 9 . 
it. The reader should revise these operations ^““dgeV a 
The ends of the tubing should be rounded oil in the eug 

flame (p. 31). . _r „i nss tubing one or two 

In addition to the right-angled piece of glass tu g 

169 
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other lengths are needed as delivery-tubes. A single length of ten 
or eleven inches can be made to suffice if a right-angled bend is 
made about two inches from one end, extra length being added to 
the tube when required by means of rubber tubing (Plate 6 illustrates 

the use of this single delivery-tube in 
different methods of collection). 

Gases like oxygen which arc insoluble 
or only slightly soluble are collected 
over water. A large bowl or pan serves 
as a substitute for the usual pneumatic 
trough. The gases can be collected in 
ordinary glass, tumblers or jam-jars, 
which are stood on a bee-hive shelf in 
the water. A bee-hive 
Fig. 50. A Bee-hive Shelf shelf can be made by 

cutting about two inches 
off the bottom of a cylindrical cardboard salt-container 
with an old razor-blade or sharp knife. Make a cir¬ 
cular hole, about half an inch in diameter, in the 
middle, and cut a V-shaped piece from the side, as 
shown in Fig. 50. If you paint the cardboard with 
melted wax it will withstand the action of the water 
for a long time. A bee-hive shelf can also be cut out 
of a tall, circular tobacco-tin. 

For covering the open ends of the tumblers or jars, 
cut out squares of stiff cardboard, making them 
somewhat larger than the opening they have to 
cover. These squares take the place of the glass 
plates usually employed in laboratories for collecting 
gases. They will be more efficient if a thin layer of 
grease or melted wax is spread over one side. 

A dcflagrating-spoon is a useful aid in testing 
gases. This is a spoon used for introducing burning 
substances into a gas. You can make such a spoon Fig. 51 A 

... „ 1 .1 1 l Deflagrating- 

from an old saltspoon or teaspoon, liend the bowl spoon 
of the spoon at right-angles to the handle and attach 
to it a length of stout copper wire, winding the wire round the 
handle, as shown in Fig. 51. 

Oxygen ( 0 2 ) 

There are usually two or three different methods of making any 
gas. When this is so, it is advisable to choose a method, if possible, 
which gives off the gas in a slow, steady stream rather than one which 
produces a large volume of the gas in a quick burst. You will then 
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have time to replace your collecting vessel with a fresh one when the 

“re^re" "c— methods of preparing oxygen from 

common chemicals so that a steady ^^.f/^m^ferrous sul- 
(i) From hydrogen peroxide and ““S Th e best 

phate or manganese dioxide). No h eati JL umc ’ (see p. 77 )- The 
strength for the hydrogen P^ rox ‘ e 15 ? n the form G f small crystals 
ferrous sulphate should preferably contained in the black 

rather than powder. Manganese dioxi c wc j er can be 

powder in old flashlight batteries (p. 196), tms p 

used directly without purification. j r w ith cobalt 

(ii) From bleaching fluid or bleaching po^ w. 

chloride as a catalyst. In this case lcating ; 1 apparatus shown in 

For the first method of preparation set up thc appar ^ the 

Plate 6, using a flat-bottomed flas o, of rub bcr tubing to 

chemicals. Join the delivery-tube y « cor k. The lower 

the right-angled tube which pa^s *T° t ^| opening cut in the side 
end of the delivery-tube passes thioug sir f should be somewhat 

of the bee-hive shelf. The water in the basin snou 

higher than the top of the bec-hivc s ie • w ; t h water and slide 

First fill the tumbler (or jam-jar) comply w*th - ^ 

a cardboard disk over the top so t 1 a * n « iand an d, grasping 

tumbler. Hold the cardboard on firm y place it with the 

the tumbler in the other hand. cardboard, 

open end downward in the basin. until the preparation 

Do not put the tumbler on the bee-h.ve shc i f “ n “ , 7,,^ time for 
has been in progress for a minute or two Thts wtU^allo 

the oxygen to sweep the a.r out ol t * pc ,oxide solution into 

Put about three egg-cupfuls ol hydi ^ 1 crystals or man- 

the bottle. Add a teaspoonful ol icrious P bottle. In a few 

ganese dioxide powder and replace t u co w jh given olT. 

seconds effervescence will begin, an iu >> tum bler on the bee-hive 
Wait for a minute or two and then place the tumbler on ^ 

shelf. The tumbler will be full of " s s Hde the cardboard 

When the tumbler has been filled w tl f m blcr from the water, 

disk over the mouth again and remove ready can now be 

A second tumbler which has previous > about three tumblers 

placed in the basin. You should be able i ^ l ^^ m icals specified, 
with oxygen if you have used the q < ^ w hich arc shortly 

With these tumblers you can pcrlorm 

described. . „ . , ,u rr r eec-cupfuls ol 

To prepare oxygen from bleachmg ^ add ha lf an egg- 

the strong fluid into a flask or boil g so i ut j 0 n. Instead of the 
cupful of fairly strong cobalt chloride solution. 
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bleaching fluid, a tablespoonful of bleaching powder and a table¬ 
spoonful of water can be used. In both cases a black liquid will be 
formed. Heat the flask or boiling-tube over a small flame until a 
steady stream of gas is given off, and then remove the flame. Collect 
the gas as described previously. 

The following tests can be carried out with the tumblers containing 

oxygen which you have prepared. They all illustrate the fact that 

oxygen is an extremely good supporter of combustion. 

(i) Light a wood spill, blow it out, and introduce the still-glowing 

spill into the tumbler. The spill will relight immediately. If the 

spill is withdrawn at once when it relights 

and the cardboard cover replaced, there will 

be sufficient oxygen left in the tumbler for 

the next experiment also. 

* 

(ii) Put a piece of candle-wax the size of a 
pea into a defiagrating-spoon (p. 170), set fire 
to the wax by heating the spoon, and lower 
the spoon into the tumbler. The wax will 
burn brilliantly. When the burning has 
stopped pour a little lime-water into the 
tumbler and shake it up. The lime-water 
will turn milky, showing that carbon dioxide 
is formed by the burning of the wax. The 
candle-wax consists largely of carbon. 

(iii) Hold a small bunch of fine steel-wool 
in a pair of pliers, heat it for a couple of 
seconds (not longer) in a Bunsen flame, and 

quickly lower it into the gas. The steel wool will burn with a brilliant 
shower of sparks. Be careful not to touch the sides of the tumbler 
with the wool. It is advisable also to have a little sand or water at 
the bottom of the tumbler for this experiment, otherwise molten 
drops of iron may fall from the steel wool and crack the tumbler. 
The sand or water can be added quickly from a test-tube to the 
tumbler while the cover is removed for a moment. 

(iv) Put some powdered charcoal on to a deflagrating-spoon and 
heat it strongly for a few seconds. When the charcoal begins to glow 
lower the spoon into a tumbler containing oxygen. The charcoal 
will burn fiercely, forming carbon dioxide. The latter can be tested 
with a few drops of lime-water, which will turn milky. 

Carbon Dioxide (C 0 2 ) 

Carbon dioxide can be made without heating from effervescing 
health salts and water or by the action of an acid on chalk, baking- 
soda, or washing-soda. Sulphuric acid, sodium bisulphate, or alum 



Fig. 52. Method of 
burning Steel-wool 
in Oxygen 
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solution should not be used with 

gas either of the following combina- 

tions of chemicals is suitable. 

(i) Alum with baking-soda or washing-soda. 

(ii) Citric acid with chalk or washing-soda. 

It will be sufficient if the preparation from alum and baking-soda 

is described. r p ut into t hc bottle (or 

Set up the apparatus show (sodium bicarbonate) and an 

flask) a tablespoonful of ba J“ n S‘ s ‘ ^ he should be collected 

equal amount of powdere a • , upward displacement of 

downward, or, as it is somettmes c^led by up va d fa P ^ q( - the 

» -- 

bear'd ^leaving' a'hole 1 in'the'middle for the delivery-tube to pass 

through. . . lnto t fi e bottle just enough 

When the apparatus is ready P he cork . Effervescence 

water to cover the chemica s, an P off of car bon dioxide. 

will begin immediately, du g fo tbc tum bler being full ot 

Wait for a few minutes and theni test ^ and putting a lig hted 

carbon dioxide by raising the. ^ tumb ler is full the light will 
taper or spill into the tumb * urs lift the bottle and delivery- 

be extinguished at once. er cased cardboard over the top ot 

saar sspages: .—-*> 

this with carbon dioxide in the same way. u bc ablc to fill 

“acrn^Yol can out <he blowing experiments with 

the gas collected. lighted taper or wood spill to 

(i) Test an empty tumbler w.th hshted t P * tumbkrlu l of 

show that thc flame is not cxtinguis • tll c empty tumbler. It 

carbon dioxide, just “‘ f,t .'J' crC ..V J taper or spill the flame will 
the latter is again tested with a ^^^e fiue^ting if a small 

be extinguished I he CX P C *‘™ birthday cakes is suitable) is fixed 

— of thc empty 

Add a little lime-water to 
dioxide and shake the liquid round. The lime 

milky. 
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(iii) Add a Jew drops of sodium hydroxide solution (keep the liquid 
off your fingers) to a tumblerful of the gas. Hold a square of wet or 
greased cardboard tightly over the mouth of the tumbler and shake 
the liquid round. The gas will dissolve so rapidly in the solution 
that a vacuum will be formed inside the tumbler, and the cardboard 
will stick firmly to the glass. Wash out the tumbler carefully. 

(iv) Pass the gas from the delivery-tube of your apparatus into a 
little water in a test-tube for a few minutes and then test the water 
with a piece of blue litmus paper. The paper will turn a dull red, 
because some of the carbon dioxide will have dissolved in the water 
to form a weak acid, carbonic acid. 

Hydrogen Sulphide (H Z S) 

Hydrogen sulphide, or sulphuretted hydrogen, is the well-known 
gas with the smell of bad eggs. It is poisonous in large quantities, 
and even in small quantities it should not be breathed for long or it 
will cause sickness and headache. It can, however, be made safely, 
in small quantities, providing that you have good ventilation. If 
you carry out the preparation, do so when the smell is not likely to 
annoy other members of the household, and have a window wide 
open to the outside air. 

The gas is prepared by the action of an acid on ferrous sulphide. 
Dilute sulphuric acid or a solution of sodium bisulphate, citric acid, 
or alum can be used. The gas is usually collected over warm water 
(it is moderately soluble in cold water), but it is not absolutely 
necessary to have the water warm. The apparatus required for the 
preparation is similar to that used for the preparation of oxygen 
(Plate 6). 

When the apparatus is ready put two teaspoonfuls of ferrous sul¬ 
phide into the bottle or flask and pour in a test-tubeful of the acid 
solution. If citric acid or alum solution is used it is advisable to have 
it slightly warm, otherwise the action is slow. Collect two or three 
tumblers full of the gas in the same way as described for oxygen, 
covering the full tumblers with cardboard. Carry out the following 
tests on the gas. 

(i) Slip a silver coin into a tumbler containing the gas. The coin 
will turn black, because the metal combines with the sulphur in the 
gas and forms black silver sulphide. Hydrogen sulphide derived 
from the burning of coal is usually present in the atmosphere of 
towns and cities and tarnishes silver ornaments for the same reason. 
The silver coin (or silver ornaments) can be made bright again by 
rubbing with a cloth dipped in ‘hypo’ solution, which dissolves the 
black silver sulphide. 

(ii) Put into the gas a piece of filter-paper or blotting-paper which 
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has been dipped in copper sulphate solution. The paper will turn 

black owing to the formation of black copper sulphid . 

run Remove the cardboard cover from a tumbler and apply a 
light to the gas. It will burn quietly with a blue flame and a yellow 
deposit of sulphur will be formed on the sides of the tumbler 

M in 2 S" rthort 

noTconnected to the right-angled tube which passes through the 
corlc Pass the gas into the water for a few seconds. The litmus 
paper wfll turn fed, showing that some of the gat -hssolved to 
form an acid (called hydrosulphur.c acid). If the^‘d 

- - 

known deodorizing action of chaicoal (p. 07 ). 

Sulphur Dioxide ( S 0 2 ) 

This is another gas with a strong smell, which is usually described 

zsz& 2s 

sulphuric acid, sodium bisulphate solution or a st og \ 

full of the gas and apply the tests now described. 

/:\ w .. t a D ; ece of blue litmus paper and drop it g 

Hrwa ss -- 

red flower, such as a rose, tulip, carnation, o P^ minutes in 
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the flower. If the bleached flower is placed in a solution of an 
oxidizing agent, the oxygen is restored to the petals and the colour 
returns. This can be shown by soaking the bleached flower for a few 
minutes in a dilute solution of hydrogen peroxide or bleaching fluid. 

(iv) To show that sulphur dioxide dissolves readily in water, take 
a tumblerful of the gas covered with cardboard. Turn the tumbler 
upside down and, placing the mouth under some water in a basin, 
remove the cardboard. Shake the tumbler gently in the water. 

The water will rise rapidly as 
the gas dissolves. 



Fig. 53. Apparatus used to prepare 
Hydrogen Chloride 


Hydrogen Chloride ( HCl ) 

When pure and dry hydrogen 
chloride, or hydrochloric acid 
gas, is a colourless gas with a 
pungent smell, but in damp 
air it forms ‘steamy’ fumes. 
It can be prepared by heating 
a mixture of common salt with 
sodium bisulphate, ferrous sul¬ 
phate or alum in a test-tube 
(a hard-glass tube is better). 
The apparatus required is 
shown in Fig. 53 (the clamp 
can be dispensed with if there arc two people to carry out the 
preparation). 

Crush the crystals of sodium bisulphate or other chemical used 
and thoroughly mix a teaspoonful of the powder with an equal 
amount of salt. Put the mixture into a dry tube and clamp or hold 
the tube so that it slopes down slightly. This will prevent the 
moisture given off from running back on to the hot glass and 
cracking it. Collect the gas in a dry tumbler as shown. 

Warm the tube over a small flame to start with, moving the flame 
about below the tube. Gradually make the flame hotter, but do not 
heat so strongly that the tube begins to melt. When the tumbler is 
lull of hydrogen chloride a lighted taper or spill will be extinguished 
by the gas. Collect two tumblers full of the gas and use them for 
the following tests. 

(i) Test the solubility of the gas in the same way as described for 
sulphur dioxide by turning a tumblerful of the gas upside down and 
putting the tumbler into water. Hydrogen chloride is one of the 
most soluble of the common gases, being second only to ammonia in 
this respect. The solution formed is weak hydrochloric acid. 

(ii) Damp a small wad of cotton-wool with strong ammonia 
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used to make artificial smoke on a big scale. 

Chlorine (Cl 2 ) 

th Chlorine can be made easily, without usin S^ a < J» 

- S ° diUm hyP °' 

collected downward (by upward displacement‘ ofa ), coUcct u over 
gas. The most convemcnt^n-irthod. hov.r ^ ^ does nQt 

:«p^toThe e ro°o f r ^apparatus employed for the preparation 

of r e ° r “ 'f.Tthe 

of strong bleaching fluid into the bottle. Add an eggW” 

acid solution. Have other \“ mb ‘Xd ud.h the gls Cover each 
first tumbler when it has been fil rcmove the tumbler from 

r^^m^^with chlorine and use them to carry 

OUt (i ; h HoldTshfenf white paper behind a tumbler and notice the 

green colour of the gas. . . j n to the gas. 

(ii) Drop a piece of damp chemical 

The paper will be quickly bleached. I his 

test for chlorine. nfmner Drop the paper 

^ y P our 0= 33^-P~;-f, ^ or r 
the ink and dry it by holding P‘ P iti g wl \\ be bleached 

the fire. Drop the paper into the gas. The w. mng 
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only slowly if at all. Chlorine does not bleach in the absence of 
moisture, but, since the gas has been collected over water, it will be 
slightly damp. 

(iv) Light a taper or set fire to a little candle-wax in a deflagrating- 
spoon. Put the burning taper or wax into a tumbler containing 
chlorine. The flame will continue to burn with a dull red colour 

and a cloud of grey smoke 
will be formed. The smoke 
is a mixture of black carbon 
particles and white steamy 
fumes of hydrogen chloride. 
Test for the presence of the 
latter by removing the stopper 
from a bottle of strong ammo¬ 
nia and placing the open end 
near the top of the tumbler. 
Thick white fumes will be 
formed (see the ammonia test 
for hydrogen chloride, p. i 76). 

(v) Into the third tumbler 
full of chlorine put a tea- 
spoonful of slaked lime. Hold¬ 
ing the cardboard cover on, 
shake the powder in the tum¬ 
bler. The green colour of the 
chlorine will disappear, be¬ 
cause the gas is absorbed by 
the slaked lime. The sub¬ 
stance formed in this chemical action is chloride of lime, or 
bleaching powder (p. 61). 

Ammonia (AH 3 ) 

Ammonia is another colourless, or invisible, gas. The ‘liquid 
ammonia’ sold in shops for cleaning is a strong solution of the gas in 
water. The pungent smell observed when the stopper is removed 
from the bottle shows how readily the gas escapes from the solution. 

Ammonia gas is given off when any ammonium compound, such 
as ammonium chloride, is warmed with any alkali, such as caustic 
soda, washing-soda or lime-water. The easiest method of obtaining 
the gas, however, is simply by warming the strong solution of 
household ammonia. As the gas is lighter than air, it has to be 
collected upward (or by downward displacement of air). 

Put an egg-cupful of strong household ammonia into a medicine 
bottle (or small flat-bottomed flask), 'through the cork of the bottle 



Fig. 54. Apparatus used to prepare 
Ammonia Gas 
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SSKSSS “ 

Heat a little water in a saucepan until the water is just too 

jj S tt KSLlrtSSK^- 



D. ... remove ,h. romlrLe, Immedim.l,r”.fc K 
turns blue. Leave it for about half a m ‘ nut .='°"| cardboard Keep 
tumbler, still keeping the mouth covere : s ing thc bottle 

ourrSllS'« on the ^bilhy of 

thC (i) a piace the tumbler gentlyTn^ht 

slide away the cardboard cover. tumbler as the gas 

water. The water will rise quickV ™dc whfch 

dissolves. Ammonia is the most so u c f rom quite a small 

explains why a lot of the gas can be obtained horn qu 

amount of the strong solution. . f » r imm0 nia you will 

If you wish to collect a second ‘ umb Cardboard, 

have to use a fresh, dry tumbler an ano 1 P y . ■ app licd to it, 

(ii) Ammonia gas does not burn when:a light * * pp 

but by slightly altering the apparatus used for the picp 

gas can be made to burn, as il ustrate 1 ^g- aa rQugh thc cork c f 

Change thc straight g lass t ^ N ^ nd connect your right-angled 
the bottle to a right-angled tub , bottle containing 

delivery-tube to this by rubber tubing. Place the non 
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the strong ammonia solution in the saucepan of hot water as before. 
Hold the end of the delivery-tube to the air-hole of a Bunsen burner 
which has a small flame (the air-hole should be partly open). When 
the ammonia gas is given off it will mix and burn with the coal-gas. 
The size of the flame will increase considerably and will change to 
a peculiar yellow colour. 

(iii) Another way of demonstrating the great solubility of am¬ 
monia gas is by means of the Fountain Experiment (p. 143). To 
carry out the experiment, put only a few drops of the strong house¬ 
hold ammonia into the flask (fitted up as described at p. 143) and 
warm the latter gently for a few seconds. Then turn the flask and 
tube upside down and put the end of the tube into some water in 
a basin. The water will rush up into the flask in fine style and 
produce a splendid fountain. 

The experiment can be made even more striking by adding a few 
drops of phenolphthalein to the water in the basin. The water will 
then become red in colour when it enters the flask. 



CHAPTER IX 

Chemical Magic 

This chapter is concerned with Chemistry 

Ar P Trties£are c n i t he the = 

of 4^ or magic 

in some of them. which are easy to perform 

The best experiments to choose are those v^hicnj 

and require the minimum of apparatus. words of 

who contemplate the staging of an entertainment, 

general advice might not be out of especially if the 

i. Do not despise very simple donc before 

audience is young. To those \ ou ite an unexpected and 

the relighting of a wood spill by oxygen is quite u l 

mysterious occurrence. three times under the con- 

». Rehearse each experiment two or this way can vou discover 
ditions which you will have to use. Only in this *ay 

the snags which arc likely to crop U P‘ Half a dozen experi- 

twice the number badly done. experiment successfully do 

>“ - - 

t0 5 d0 Do ag „rexp.ain ,o your audience how an 

They will enjoy it more if they are w hat you intend to 

6. Before you start an experiment ^tea y ^ ^ prQgrcss 

do. If you can talk or patter w carry out the 

the audience will be more interested than H you 

experiment in dead silence. been described earlier 

Among the simple cxperimcn s v exhibition of chemical 

in this book and which arc suitable for an exhim 

magic are the following: 

Invisible inks (p. 39)- _ xv£?cn made from hydrogen 

Relighting of a glow.ngspilby oxyg^^ (p y> . 

peroxide and manganese diox the prcv ious exper- 

jz&zszs&a- —«- •* - 
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Coloured flames (p. 47). These can be demonstrated with 
a candle-flame or spirit-burner. 

A chemical garden (p. 96). 

Luminous pebbles (p. 146). 

Camphor burning on water (p. 150). 

Freezing water without ice or snow (p. 146). 

Getting a quart into a pint pot (p. 147). 

Some of these experiments will be more spectacular if they are 
performed in a darkened room, which also helps to create an 
atmosphere of mystery. 

Invisible Writing 

Many invisible-ink tricks depend on writing with one chemical 
on paper beforehand and then developing the writing by means of 
a second chemical. The trick is more impressive if you can make it 
appear that you are using only water to do the writing. The follow¬ 
ing is a simple but effective way of demonstrating invisible writing. 

Before the ‘show’ paint over one side of a sheet of drawing-paper 
with a very weak solution of copper sulphate and allow the paper to 
dry. The paper should then have only a slight bluish colour. If 
the colour is very noticeable (through using too strong a solution) 
it can be disguised by rubbing a little chalk lightly over the paper. 
Fasten the paper to a board with drawing-pins. If you dip a small 
brush into a weak solution of ammonia you can write or draw 
anything you wish on the prepared paper. The colour of the writing 
will be blue. 

Another way of doing the trick is to paint some writing on the 
paper with a weak solution of the copper sulphate and after drying 
the writing disguise it by rubbing chalk lightly over all the paper. 
The writing will appear when the weak solution of ammonia is 
painted over it. 

Appearing and Disappearing Writing 

Other chemicals which can be used for invisible writing are 
boiled starch solution and weak iodine solution. These give blue- 
black writing. When you are making arrangements beforehand, 
treat a sheet of drawing-paper with the boiled starch solution (for 
the preparation of this solution see p. 42). Write on the sheet, in 
view of your audience, with weak iodine solution. Tw'o or three 
drops of tincture of iodine to an egg-cupful of water gives a solution 
which is quite strong enough for the purpose. It is a good idea to 
have the two or three drops of tincture of iodine at the bottom of 
a dark-coloured bottle, which can be showm as an ‘empty’ bottle. 
You can then ask a member of your audience to go out and put 
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some water into the bottle from the tap. Shake the bottle before 

US 7ou th c'a‘ iq m I at the writing from starch and iodine ^appearby 

means of sodium thiosulphate (‘ hypo ) s °'utiom fairi y 

of demonstrating this is to soak a p.ece of^btotung W Qn 

strong solution of the ‘hypo’ and then p ess theblotu.eg P P 
the wiling. When you remove the blotung-paper the B 

have vanished. 

Changing ‘ Water' to ‘ Ink' and back to ‘ Water' 

appear to be quite empty. In no ‘ * mc Q f them are poisonous. 

which you make be tested by tasting, as s tumblers. 

For this experiment you will foiled 

Prepare the tumblers by putting a P 0 fvery weak iodine 

starch solution into the first, two 01 t ire ‘hypo’ solution 

solution into the second, and a few drops of strong h>P 

into the third. , uc ii e nce can do this). 

Fill the jug with water (a member of t water. Pour 

Pour water into the first tumbler. It will sti 
the water from the first tumbler 

appear like ink. Finally pour the inky l«q ^ ^ in be 

into the third. The colour will disappear and water 

formed. 

‘ Water' to 4 Wine* to 4 Water* 

This experiment is ^^.eu-^an ^ 

d^e'rent Prepa- the tumblers or jars by adding to them 
a few drops of the chemicals mentioned. 
j ar ,—weak sodium carbonate solution. 

‘ Water* lo 4 Ink,* 4 Lemonade; and 4 Wine* 

This is a more ambitious experiment,.and ‘ YoU w iU 

rehearsing, but it never fails to impres ‘ fAllowing chcmi- 

require a large jug, four tumblers <*>**+*£*£ ,‘ic or tartaric 
cals: tannic acid, iron alum or other ferric salt on ^ ^ ^ 

acid, and dilute ammonia. A sma amo k casol ut ion by cutting 

bought cheaply at the chemist’s or you can make a solution > 
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up some oak-galls and boiling the pieces with water (p. 113). The 
quantities of chemicals used need observing carefully. 

Make a strong (preferably saturated) solution of the tannic acid 
and put a teaspoonful of the solution at the bottom of the jug. 
Prepare the four tumblers or jars as follows: 

Jar 1—leave empty. 

Jar 2—two or three drops of iron alum solution. 

j ar 3— a teaspoonful of saturated citric or tartaric acid solution. 

Jar 4—a teaspoonful of dilute ammonia. 

To carry out the trick, fill up the jug containing the tannic acid 
with water. Use this to fill up the first jar. The liquid will look like 
water. Empty the jar back into the jug. 

Fill up the first two jars from the jug. The first will still appear to 
contain water, but in the second the liquid will look like ink. Empty 
both back into the jug. 

Fill up the first three jars. The liquid will appear inky in the 
first two and like lemonade in the third. Empty all three back into 
the jug. 

Fill all four jars from the jug. The first three will look like 
lemonade and the fourth like port-wine. Pour all the jars back 
into the jug. 

Finally fill all the four jars again from the jug. The liquid in 
each will now look like port-wine. 

Perform the experiment smoothly and quickly. This is one item 
in your display in which you might remain silent when once you 
have begun the manipulating, as the audience is too intent on 
watching the colour changes to bother about the performer s patter. 

The trick can well end with the transformation of the liquid into 
‘wine.’ You should be prepared, however, for a challenge from 
somebody in your audience to change the ‘wine’ back into water. 
To meet this challenge, have ready another jug half full of water to 
which an egg-cupful of dilute sulphuric acid or sodium bisulphate 
solution has been added. Taking up one of the jars containing 
‘wine,’ pour it into this jug and immediately refill the jar with 
liquid from the jug. The liquid will now look like water. Actually 
it will be slightly yellow in colour, but this will scarcely be noticeable. 

A Burning Match Trick 

Nearly fill a shallow saucer with water and place a small coin on 
the side of the saucer underneath the water. Offer to give the coin 
to any member of the audience who can take it out of the saucer 
with his fingers, but without putting his fingers into the water or 
pouring the water away. 
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When the audience has given up the problem produce^ umbler 

and half of a small potato into which ’“Into 

so that the heads he close together '^mh-heads, and 

the saucer. Strike a match, se sauc er over the burning 

immediately place the turn ) c - t j sauce r will rush 

matches (Fig. 56) • Almost at once the wate m he^auce ^ 

up into the tumbler, leaving the rest of the saucer emp > 

XoTefcorrfcrarircoo^Totrhrppe^in^ cause the water ,0 
rise into the tumbler. 

Reading Writing through an 
Envelope 

Ask a member of the audience 
to write a number of, say, three 
figures on a piece of paper without 
telling you what the number is. 

Now hand the vyriter a plain 
envelope and ask him to place the 


COI N 


HES 



Fig s 6 . Apparatus used for the 
1 Trick with Burning Matches 


envelope and ask him to place tne address side and to 

paper in the envelope with the w™* “ a bottle of 

seal it up. The envelope is han > . ^ liquid 

‘magic liquid * and a wad of cotton-wool db aim ^ out 

on to the address side of the envelope. Now proceed 

the number which was written on tie pap. - d ■ methylated 

This trick is quite fJelopei. makes the paper 
spirit. When this is dabbed on to the t en P casily> 

transparent, so that the number inside ca 

Magic Paraffin 

This is a liquid which will burn itselfTut t will nerf set fire^t y^p ^ 
cloth, or other materials which usually burn. 

shown well with a roll of ordinary ba " da «‘" g f lhe roll, insert a 
First cut a length nine or ten inche K sct f irc to the 

steel knitting-needle or fork through onc ’ diat it is ordinary 
bandaging over a plate. This is to demonstrate that 

bandaging, which has not been prepare somc of the * magic 

Gut another length of the material. ® in the liquid and 

paraffin’ into an egg-cup, soak - al * uh the knitting-needle 

squeeze it out. Again holding t ‘ \ lQU id on the bandaging 

or fork, set fire to it over the plate. I 

will burn but the bandaging itsel wi 11 • preparation of the 

The secret of this mystifying trick is in the prep 
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‘magic paraffin.’ This is made by simply mixing together equal 
amounts of methylated spirit and water. While the mixture will 
burn itself, the water present prevents material soaked with it from 
setting on fire. 

To vary the trick you can borrow a handkerchief from a member 



Fio. 57. Changing the Colour of Bus or Tram Tickets 

of the audience and use this instead of the bandaging to show the 
peculiarity of the liquid. 

Changing the Colour of Bus or Tram Tickets 

Two bus or tram tickets, one white and the other red, are shown 
to the audience. For convenience in handling it is a good plan to 
push a knitting-needle through small holes at the top and bottom 
of the tickets so that there is a ticket at each end of the needle 
(Fig. 57). The needle can be held in the middle. 

Remarking that you have discovered how to turn a penny ticket 
into a twopenny one, you dip the red ticket into a tumbler containing 
a colourless liquid (call it liquid A). The ticket comes out blue. 

Turning the needle over, you dip the white ticket into a second 
tumbler containing a colourless liquid (call it liquid B). The white 
ticket turns red. 

Pointing out to your audience that this trick may lead to trouble 
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with the ticket-inspector, you proceed to change the tickehjtackTo 

^tot r^o ^ - - 

into liquid B. , Ohtain two white tickets. 

The tickets are prepared beforehand. white 

If you cannot secure two white solution of bleaching 

ones by soaking them for a few white ticket in a 

fluid, afterwards rinsing them in watcr.^D p pheno]ph . 

weak solution of Congo red an . e You will now 

thalein solution. Dry the tickets in a warm place. 

have one red and one white. , f dilute sulphuric acid 

or^r^^“ ^ ^ been Ug*** 

3 dS£ SfbS^r alkah. Pheno^hthalcin turns 

red in the alkali but loses its colour again in 

Revealing a Hidden Name 
Nine or ten pieces of paper are handed out 

for inspection. Each piece has a s; na has had a chance 

on it—Tom, Jim, Mary, etc. When =C p " t them into the 

of looking at the papers collect u P . au dience to step 

pocket of your coat. Now request a member of the aud. ^ £ 

up, put his hand into your poc c , * audience but not 

chooses. The name on the paper is shown to the audience 

‘Tk the assistant to screw up the paper and. hand itt back to you 
Apply a light to the paper and burn it on a saucer, faking jr ^ 

coat and rolling up your sleeves, ip a *”6 chosen name will 

the saucer and rub the ash over your arm. 1 he chosen 

appear in black writing on your arm. follows. In the 

This seemingly impossible trick ,S per cially for the occasion) 
pocket of your coat (an old one is wot similar to the ones 

place beforehand nine or ten pieces o pap same 

shown to the audience. All these papers, however I" 
name printed on them. The name should preferably ^ 

“Tom ” A slit has been cut across the top of your coat po 

the side near your Ixidy. When you put inl ° j lining 

which have been exhibited slip them through the slit into ^ 
of your coat. When the assistant insertsi h.s 1 hand n P HoW 

he is bound to take out a paper with Tom wr 

your hand over the slit while the paper is being selcc cd- r . 

The developing of the name on your arm is a simp arm 

Before the show you have printed the name 1 o 
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with sugar solution by means of a paint brush (wash your arm in 
soapy water before doing this). Let the writing dry on your arm. 
When the ash from the burned paper is rubbed over the writing 
the name stands out boldly in black letters. 

Instead of writing the name on your arm, you can write it on a 
sheet of drawing-paper or cardboard. It will be invisible until the 
ash from the paper is rubbed over it. 

The Magic Moth-ball 

This is an amusing trick, but there is nothing magical about it. 
Put a teaspoonful of sodium bicarbonate (baking-soda) and another 
of citric or tartaric acid into a tumbler, or use two teaspoonfuls of 
effervescing health salts. Nearly fill the tumbler with water, and 
when the liquid starts to effervesce put a moth-ball into it. The 
moth-ball will sink to the bottom of the liquid but will soon rise to 
the top, then sink to the bottom, and so on. 

The curious behaviour of the moth-ball is caused by bubbles of 
carbon dioxide gas collecting on the moth-ball at the bottom of the 
tumbler. The bubbles act like small balloons and carry the moth¬ 
ball to the surface. Here the bubbles are released into the air and 
the weight of the moth-ball makes it return to the bottom. 

The Candle that cannot be lit 

The following trick illustrates the old maxim that the simplest 
deceptions are often the most puzzling. 

A small piece of candle is attached to a flat cork or lid and placed 
at the bottom of a tumbler. The latter is stood on your table and 
covered with a piece of cardboard. Drawing the attention of your 
audience to the candle, you offer a small prize to anybody who can 
remove the cardboard and light the candle with a taper or spill 
without touching the tumbler. Several of your audience are sure to 
want to try this apparently easy task. They will all fail, because as 
soon as the lighted taper or spill is put into the tumbler it goes out. 

When three or four people have attempted to light the candle 
without success, you show how it can be done. Taking a length of 
glass tubing or a drinking-straw, you place it at the bottom of the 
tumbler and blow through it for a few seconds. You then light the 
candle quite easily with the taper or spill. 

The secret of the trick is that the tumbler has previously been 
filled with carbon dioxide gas by adding effervescing health salts 
to a little water in the tumbler. A piece of greased cardboard 
ensures that the gas does not escape. When a lighted taper is put 
into the tumbler it is immediately extinguished by the gas. When 
you blow through the glass tubing or straw (with the lower end at 
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the bottom of the tumbler) the carbon dioxide is replaced by air. 
Then the candle can be lit. 

The Blushing Doll 

This item of your entertainment requires a fair amount of prepara- 
, arnulv iustified by the amusement which is created. 

10 A rag doll (we will call her Betty) is shown to the audience with 
, ® n t that Betty is like other dolls except that she is 

a uys r s g*?* k '” j - bi “ h "' b “ ° n,v ,r ,m 

kissing is done by a boy. 

This is demonstrated by 
first asking a girl to come 
forward and kiss the 
doll. Betty’s face is 
quite unaffected. A boy 
volunteer is called for. , 

When he kisses the doll 
her face immediately 
turns a rosy pink colour. 

Remarking that you 
cannot have Betty going 
about with a permanent 
blush, you proceed to 
dab her face with a wad 
of cotton-wool dipped 
in some ‘water’ in a 
cup. The blush dis¬ 
appears, and Betty’s 
face looks normal again. 


LASS TUBE 



7 COT TON-WOOL 


BULB 


(a) 




Pic. jB. (a) Tiie Internal Mare-up of tub 
Blushino Doll; (6) the Small Glass 1-unn» i- 


lace looks normal again. If, however, a second boy volunteer 
forward and kisses the doll her face turns crimson once 

For this demonstration you require an old rag doll ITyouca 
make use of one which has been discarded by your sisterat 
difficult to make one from cotton-wool and some pieces of ar 

Sh The headTnd body of the doll are prepared as follows Make ., 
wire frame for the front part ol the head. It is easy to be' d tl. 
frame of an old lampshade into the desired shape see£* £ icea , 
Pack the back of the head with cotton-wool. In the .body 
a rubber bulb which is connected to a short gla« * J 1 bulb 
projects into the lower part of the wire frame .ad.round ^ 

with cotton-wool. Sew or pin up the clot * “ ‘ f h neck, 

but leave the cloth open and overlapping at the_ back Enlist 

This enables you to get at the glass tube and rul bc Mb. 
the aid of a sister or girl friend to fit the doll out with a 
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Before the show run a few drops of strong ammonia solution down, 
into the rubber bulb. This can easily be done if you make a special 
funnel by heating a test-tube in the middle to soften the glass, 
drawing it out, and cutting it at the narrow part. A narrow tube 
is left attached to the top part of the test-tube (Fig. 58 ( b) ). Insert 
the narrow tube into the neck of the rubber bulb, and after the 
ammonia has been poured in replace the short glass tube and make 
sure that the upper end is inside the wire frame. 

On the face of the doll dab phenolphthalein solution. You can 
do this either just before you begin your performance or during it 
if you pretend that the doll’s face is dirty. When you are carrying 
out the demonstration of the doll’s peculiarity hold it round the 
body under the dress. When you want the doll to blush it is only 
necessary to squeeze the body once or twice. Ammonia gas will be 
given out from the rubber bulb over the face of the doll and the 
phenolphthalein will turn red. Of course, the bulb is only squeezed 
when a boy, and not a girl, kisses the doll. 

To remove the ‘blush’ from the face, dab the latter with a dilute 
solution of citric or tartaric acid. This is the ‘water’ in the cup 
referred to earlier. Actually, the colour fades in the air alone after 
two or three minutes, but it is better to use the solution, rather 
than hold up the entertainment while waiting for the ‘blush’ to 
disappear. 

A Spectacular Experiment 

The action of heat on ammonium dichromate is very impressive. 
This chemical consists of reddish-orange crystals, one ounce of which 
will sullice for your requirements. 

When the crystals are heated in a dry test-tube (the heat from a 
spirit-burner is quite sufficient) they decompose with a brilliant 
shower of sparks, and a mass of green particles shoots out from the 
tube. The green substance is called chromium sesquioxide. Its 
volume is much greater than that of the original ammonium di¬ 
chromate, and it is difficult for spectators to believe that so much 
matter can coinc from so little. 

To carry out the experiment, put not more than half an inch of 
ammonium dichromate (which should be powdered) into a dry 
test-tube. Arrange a newspaper below the mouth of the test-tube 
to catch the green powder, which may be thrown out of the tube to 
a distance of two feet. Hold the tube in a paper-holder and heat it 
over the burner. There is no danger of an explosion, so do not drop 
the tube in alarm when the chemical action starts. The younger 
members of your audience particularly will be delighted by this 
experiment. 
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Chemical Specialities 

There are several striking demonstrations which depend on special 
materials which you cannot make yourself but which you can often 
buy from shops dealing in chemical magic. 1 As these items provide 
excellent entertainment, they are well worth including in your 
performance. Three of the best-known will be described. 

Flash-paper. Flash-paper looks like typewriting paper. Its 
peculiarity is that it burns up extremely quickly and leaves no ash 
at all. It costs a shilling for a sheet about ten inches square. This 
paper can be used as the basis of a trick, in the following manner. 

Obtain a sheet of typewriting paper as similar in appearance as 
possible to the flash-paper. Cut the two pieces of paper to the 
same size beforehand. Show the papers to the audience, pointing 
out that they are quite ordinary pieces of paper. Fold the typewriting 
paper and set fire to it over a plate. Draw the attent.on of the 
audience to the ash which remains when the paper has burned. 

Remarking that chemists have recently discovered a new sub¬ 
stance which makes paper burn without leaving any ash, exhibit a 
small bottle containing a white powder. This can be powdered 
starch or any similar harmless substance. It is merely to ai you in 
persuading your audience that you are using ordinary paper, and 
it makes no difference to the burning of the flash-paper. Sprinkling 
a little of the powder on the flash-paper, rub it lightly over the 
surface and shake off any which remains. Fold the paper, hold it 
over the plate, and apply a light to it. The paper tu tirn up 

rapidly without leaving a trace of ash. „ . 

A more impressive finish to the trick is to hold the burning flash- 
paper in your hand and when about two-thirds of it has burned away 
to throw the remaining portion up into the air. Tic compete 
disappearance of the paper in the air is quite startling. 

Pharaoh's Serpents. This old chemical curiosity is put up m 
various forms, one of which is a cardboard oi silver-paper cone. 
All you have to do is to place the cone on a tray and apply a lighted 
match to the top of the cone. A black snake-like grou t 1 < merges 
from the cone and twists itself over the tray to a lengt i o two oi 
three feet. This is another case where it is difficult to believe that 

so much can come from so little. . . 

The chemical on which this trick is based is mercuric thiocyanate. 
As the fumes given off while the ‘snake is emerging are somew ia 
poisonous, it is wise to open the door for a minute or two at e 
conclusion of the trick to let a good draught of air into the room. 

A Chemical Snowstorm. The material for this again takes 

‘ An address from which chemical specialities can be bought is ‘ The Wizard’s 
Den/ Moorficlds, Liverpool, 2. 
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various forms. The chemical is sometimes sold as small pellets which 
have to be touched with a lighted cigarette; sometimes it is packed 
in a small cone which has to be ignited. In either case heating 
causes a cloud of white wispy flakes to be given off. These float about 
in the air and then settle down slowly, presenting the illusion of 
falling snowflakes. 

The chemical usually employed for making chemical snowstorms 
is called metadehyde. It is sold cheaply in tablet form by gardeners’ 
supply shops for killing slugs. If you place one of the tablets on a 
tin-lid and touch it with the blade of an old knife which has been 
strongly heated you will get clouds of chemical ‘snow’ given off 
into the air. 

An Exhibition of Crystals 

If you have grown some good specimens of crystals as described 
in Chapter VII considerable interest will be created if you display 
them. The following hints will help you to show off your specimens 
to the best advantage. 

Glass always enhances the beauty of crystals. Therefore if you 
can procure some sheets of glass or some small glass plates, set out 
your crystals on them after polishing the glass. Alternatively, rest 
the crystals on the rims of glass egg-cups or small drinking-glasses. 

Arrange crystals at different levels. This can be done by setting 
some out on a small table and some on a box on the table. Cover 
the table and box with black, or at least dark, cloth. A dark back¬ 
ground shows up the lustre of the crystals better than a light one. 

Print prominently on separate cards the names of the chemicals 
of which the crystals are composed and place the cards in front of 
the appropriate crystals. Finally print also on a card the request 
“Please do not handle” and put this where it can be seen. If you 
allow people to handle your exhibits, the moisture from their hands 
will quickly spoil the appearance of the crystals. 
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PLATE 8 



Half a Brick supported 
by Six Strips of Blotting- 
paper IMPREGNATED WITH 
Urea-formaldehyde 
Plastic 

lSee p. 215) 



Home-made Articles in Plastic 

The two ash-trays and match-holder from urea-formaldehyde, the rest from plain 

or coloured Perspex. 
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CHAPTER X 


Electricity and Chemistry 

Most schoolboys know that electricity is a form of en e r gY f-nd that 
one kind of energy can be changed into another kind. Chemica s 
possess energy which is called chemical energy, and the burning of 
coal or wood is an illustration of the changing of chemical energ> 

into heat energy and light energy. ... • „i-_ 

A common transformation is that of chemical energy into elec¬ 
tricity. Indeed, the electricity used in everyday life comes from 
chemical energy in the first place. At power-stations coal ^burned 
to make the steam which drives the dynamos in which electricity 

ge OnTs d maller scale, electricity can be obtained from accumulators 
and cells only because in these certain chemical actions occur • grving 
the energy which appears as electricity. It is quite easy to make 
electric cells at home by putting together the proper chemicals in 

the right way. 

Making Electric Cells 

The ordinary simple cell consists of a zinc plate and a copper 
plate dipping into dilute sulphuric acid. Fig. 59 shows how you can 

fit up this simple cell. . • • j 

A zinc strip can be cut from the metal containers ms.de an old 

flashlight battery (sec p. 196). In place of a copper strip a copper 
coin can be used. Before using them rub the surfaces of the metals 
with sandpaper to clean them. Tie the strips o copper a , 

with cotton to opposite sides of a somewhat larger strip o ca ‘ , 

You will require two lengths, each about a foot long, 
copper wire. Rub the bare ends of the wires with sandpaper to 

make sure that your connexions will be good. ttac 1 t ie en 
wire to the top of the zinc and that of the other to ie IP* 
Binding-screws for this purpose can be bought c leap y a a 
trician’s, but you can make quite good connexions )> means o 

paper-clips, as shown in Fig. 59 ( a )- „ , * 

Use a flashlight bulb (2 5 volts) to test for the current 

socket into which the bulb can be screwed can be obtained 1 
coppers at Woolworth’s. Connect the other two cn s 0 . 

to the socket. If no socket is available you can sti es 
current by holding the end of one wire against t c 00 
bulb and the end of the other wire against the casing. 
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A small glass jar serves as a cell. Fill the jar about three-quarters 
full with dilute sulphuric acid. When you have made the connexions, 
as shown in Fig. 59 ( b ), dip die metals into the acid, but do not 
immerse the paper-clips. The combination of zinc and copper only 
gives about i-i volts, but this is sufficient to light up a 2-5 volt 
flashlight bulb. The direction of the current is from copper to zinc. 1 

Keep the metals in the acid for a few minutes. You will notice 
bubbles of gas coming from both metal surfaces. The gas is hydrogen. 


V 



With the above arrangement the current decreases quickly in 
strength, and becomes so weak in a few minutes that the bulb will 
not light. This effect is caused by the hydrogen collecting on the 
copper strip. The hydrogen not only covers up some of the copper 
but also tends to send a current round in the opposite direction. 
The effect, which is called ‘ polarization,’ can largely be prevented by 
adding to the acid a few drops of strong hydrogen peroxide, potas¬ 
sium chromate, or similar oxidizing agent. This removes the hydro¬ 
gen by oxidizing it to water. 

Simple cells can be made from other materials besides zinc, copper, 
and dilute sulphuric acid. The zinc can be replaced by iron and 
the copper by lead, silver, or carbon. Instead of dilute sulphuric 
acid a strong solution of ammonium chloride (sal-ammoniac) can 

1 This can be easily remembered as follows: 0 in copper for ‘out,’ in in zinc 
for ‘in.’ 
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be used. You might try these substances in different combinations. 
For iron use an old safety-razor blade or a nail. A strip of lead can 
be cut from an old tooth-paste tube. A silver coin provides the silver, 
and a carbon rod can be obtained from an old flashlight battei^. 
Set up the cells as described previously, but remember to clean the 

surfaces of the metals before using them. 

Although all the combinations mentioned produce a current, this 

in some cases is too weak to light up a flashlight bulb. A more 
sensitive current-detector, however, can easily be made as described 
in the next section. 

This will reveal the 
current with almost all 
the different combina¬ 
tions. 

A Sensitive Cur- 
rent-detector. You 

will need a magnet 
and a needle. A small 
horseshoe magnet of 
the kind commonly 
sold as a toy is quite 
satisfactory. Lay the 
needle on a sheet of 
paper and stroke one p IC g 0 . Method of detecting a Weak 

pole of the magnet Current 

along the needle from . , . .• _ 

one end to the other about a dozen times, always stroking* n 
same direction. This will magnetize the needle wit a nor P 
at one end and a south pole at the other. Tie a engt i o 
silk round the middle of the needle and suspend the needle from « 
knitting-needle (not a steel one) wedged between the top o a j 
and a book (Fig. 60). The needle should come to rest with 
end pointing towards the north, providing you lave remove 

objects made of iron from the vicinity. 

The current is detected by holding the wire from the cel1 . pa [* „ 
to the magnetized needle and just below it. With even qui e s « 
currents the needle will swing round so that it ten s to ic *^ :ros , 

wire. There is a well-known law of electricity, ca e mp 
Rule, which you can test by means of the simple apparatus cscn 3 
Ampere’s Rule states: Imagine a man to be swimming in ie ' 
in the same direction as the current and with his ace to ^ a ^ 
needle, then the north pole of the needle will swing towar si n 
hand. In our case, of course, where the wire is he 
needle, the man would be swimming on his back. 
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I9 6 chemistry experiments at home 

The Parts of a Dry-cell. If you have performed the experiments 
already described you will be able to understand the construction 
of the kind of dry-cell which is used in a flashlight battery. It is a 
simple matter to remove the paper wrapping and take a cell to 
pieces. The layer of pitch by which the cell is sealed is best removed 
by softening it by heat, after which it can be scraped away with a 

P The construction of a dry-cell is shown in Fig. 61. It will be seen 
that this kind of cell is only a modification of one of the simple cells 
previously mentioned. The essential parts are the zinc case, the 

carbon rod, and the sal-ammo- 

© niac (ammonium chloride). 

Mixed with the sal-ammo¬ 
niac, however is a black 
powder, manganese dioxide. 
The purpose of the latter is to 
oxidize to water the hydrogen 
which is formed at the carbon 
rod when the cell is working. 
The oxidadon of the hydrogen 
is slow, and if the cell is used 
for a long period at a stretch 
the hydrogen accumulates at 
the carbon rod, and the current 
falls ofT. Actually, the cell is 
not dry. Its successful working 
depends on the contents being slightly damp. Some carbon is also 
added to the black mixture to improve the conductivity. 

The flat type of flashlight battery contains three cells, the positive 
terminal of one cell being connected to the negadvc terminal of the 
next one. This is called connecting in series. It produces three 
times the voltage given by a single cell, which is about 1-45 volts. 

Old flashlight batteries can provide the amateur chemist with 
some useful materials for his experiments. From them can be 
obtained zinc, carbon rods, sal-ammoniac, and manganese dioxide. 
The method of separating the last two substances from the mixture 
is described at p. 59. 
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Fig. 61. The Interior of a Dry-cell 


Experiments on Electrolysis 

‘Electrolysis’ is the name given to the decomposing of substances 
(usually in solution) by an electric current. Only certain kinds of 
substances—acids, alkalis, and salts—can be decomposed in this way, 
because these are the only classes of chemicals which will conduct 
electricity when dissolved in water. Such substances arc called 
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‘electrolytes.’ Substances, like sugar, which do not conduct a cun-ent 
in solution and are not decomposed are called nomcleco-olytes 
You can do experiments on electrolysis with an o^inaryn h g 
battery, but owing to the low voltage of the latter the actions are 

rathe/slow. If funds permit, it is worth buying a low-tensi 

bias battery, for about one and sixpence, from a wireless s p. 
this battery you can tap off various voltages up to 9 vote “ 

You can Then carry out the electrolysis of water and *o>“**“*“ 
common salt, copper sulphate, and ferrous sulphate as well as 

other interesting experiments. 

You should buy at the same 
time two ‘wander plugs’ for 
plugging into the battery. 

Experiments on electrolysis 
using mains current are extremely 
dangerous and should not be 
attempted at home. In any case, 
the domestic supply is usually 
alternating current, which can¬ 
not be used for these experi¬ 
ments. 

Testing for Electrolytes 
and Non-electrolytes. Set 

up the apparatus shown in 
Fig. 62. You can do this 
experiment with a flashlight 
battery. With a grid-bias / r ~: n _ 

battcry 3 volts is a sufficient voltage to use. Put . . c 

water or distilled water is best) into the e £S' cu P -ij*. , cn ds 
bare ends of the wires from the battery and the u • . ,, jjj 

of the wires about half an inch apart in the water. Thebulb will 

not light up, showing that pure water does not con uc e 

Remove the wires from the water, add a pinch of sugar to the 

egg-cup, and stir until it has dissolved. Then in ro conduct 

again. Still no light will appear. Sugar solution does not conduct 

" “iemove the wires, and dissolve a pinch ofsalt m thewaten 
When you test again the bulb will light up immediately, shouing 
that salt solution is an excellent conductor of c ectrici >. 

Other chemicals which you can test in the same way 
whether they are electrolytes or non-electrolytes arc 
sulphuric acid, glucose, vinegar, alum, and g yeenne. nrof lucts 
An Apparatus for Electrolysis. To investigate the products 

formed by decomposing substances with an clectnc cu 



Fig. 62. Apparatus used for testing 
for Electrolytes 
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need an electrolysis vessel, so that any gases which are given off can 
be collected. The most convenient vessel to use for the purpose is 
a cardboard ice-cream carton or drinking-cup about three inches 
high and two and a half inches across the top. The complete 

apparatus is illustrated in Fig. 63. 

Two carbon rods arc needed to act as electrodes. These can be 

obtained from flashlight batteries. In the flat type of battery there 

are two brass strips, a longer one and a shorter one, used for making 

connexions. The shorter strip is soldered on to the cap covering a 

carbon rod. If you 

obtain two of these 
carbon rods from two 
old batteries you will 
have ready-made con¬ 
nexions. Otherwise 
you will either have to 
buy two small ‘ Bull¬ 
dog’ clips or make 
connexions by wrap¬ 
ping bare wire tightly 
round the rods. 

Push the carbon rods 
through holes in the 
bottom of the card¬ 
board carton so that 
the rods are about half 
an inch apart. About 

an incli of each rod should project into the carton. Seal the rods in 
place by means of plaster of Paris or cement (Fig. 63 (a) ). If you use 
plaster of Paris mix it with cold tea to delay the time of setting; with 
cement use water. Press a little of the stiff paste around the carbon 
rods on both sides of the carton and leave it for twenty-four hours to 
set. The vessel will then be quite watertight. 

Rub the brass strips connected to the carbon rods with sandpaper, 
and attach wires to them with wire paper-clips or binding-screws. 
Rest the carton in the top of a jam-jar, as shown in Fig. 63 (6). 
Connect the other ends of the wires to the grid-bias battery. A 
voltage of 6 or 7 5 volts is usually sufficient. Collect the gases given 
off at the carbon rods by filling two test-tubes with whatever liquid 
is being electrolyzed (see next section), inverting the tubes, and 
placing them over the carbon rods. 

An alternative vessel for electrolysis can be made by moulding 
inodelling-clay to the required shape, taking care to make the walls 
thick enough to avoid the danger of their collapsing and spilling the 



Fig. 63. Method of usino an Ice-cream 
Carton to carry out Electrolysis 
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liquid. It is more difficult in this case, however, to render the 
apparatus watertight. 

Obtaining Hydrogen and Oxygen from Water by Elec¬ 
trolysis. This experiment is carried out in the electrolysis vesse 

described in the previous section. 

Water (H 2 0 ) contains twice as much hydrogen as oxygen by 
volume, and when it is electrolyzed under the right conditions the 

two gases are given off in these proportions. 

Pure water is almost a non-conductor of electricity. eic ore it 
is necessary to add to the water some chemical which will give a 
conducting solution but which is not decomposed itself by the 
electric current. Dilute sulphuric acid is generally used for this 
purpose, but is not recommended here because it is essential to 
employ platinum electrodes with the acid to obtain two volumes of 
hydrogen to one volume of oxygen. With carbon electrodes in dilute 
sulphuric acid hydrogen is readily evolved but little oxygen is 

The best solution to use with carbon electrodes is one of washing- 
soda or sodium carbonate. Make the solution fail} strong >\ <■ ls 
solving four or five teaspoonfuls of the chemical in a bcakerful of 
water. Connect to the grid-bias battery so as to use 7 5 volts. 
Collect the gases given off from the electrodes in inverted test-tubes 
filled with the same washing-soda solution. Wash your hands 
immediately after placing the tubes in the liquid, as t ie atter is a 
fairly strong alkali and may damage your skin if it is not remove 
Oxygen is given off at the positive carbon rod (the anode) and 
hydrogen at the negative carbon rod (the cathode). I ie propoi turns 
of the gases will be nearly in the ratio 1:2. You should collect a 
test-tubeful of hydrogen in about fifteen minutes After stopping 
the current, remove the test-tubes in turn and test for hydrogen an 
oxygen in the usual way. Wash your hands again when the tests 

Making Bleaching Fluid (Sodium Hypochlorite) y 
Electrolysis. The industrial process for making bleaching fluid 
quite easy to imitate at home. It consists of electrolyzing a solution 

of common salt. , . . 

First make a strong solution of salt by dissolving as much as 

possible in half a beakerful of water. While it is disso ving cu 
a piece of cardboard or several folds of paper in the orm o a we g 
to fit into the middle of your electrolysis vessel between the car bo 1 
rods (Fig. 64). In this way the vessel will be divided into 

F ilih the 1 vesse 1 (which should be washed out well if it has been used 
before) about two-thirds full with the salt solution and put a piece 




200 


WEDGE 

I 


CHEMISTRY EXPERIMENTS AT HOME 
of red litmus paper in each compartment. Make the electrical 

(the cathode). This gas is hydrogen. 

^ thralde^Mori C nT-°s n somewhat soluble in the solution, and 
no ddcniiiif bubbles wil, appear until 

the gas. This stage takes 
about twenty minutes to 
reach. 

After a time you will 
notice that the litmus paper 
in the anode (+ ve ) com¬ 
partment is being bleached, 
while that in the cathode 
(_ ve) compartment is 
turning blue. The bleach¬ 
ing of the litmus paper 
is brought about by the 
chlorine and the turning 
blue of the other piece by 
the alkali sodium hydroxide 
which is formed at the 
cathode. 

When the experiment 

has proceeded long enough for chlorine bubbles to a PP“ r S ‘°P 
current. Remove the paper wedge and stir the m the vessel 

to mix it. This causes the chlorine solution in one compa 
act with the sodium hydroxide solution in the other an 
sodium hypochlorite. This is the chemical compound wh ch i 
contained in bleaching fluids. You can test it by addinga drop ot 
ink to some water in a test-tube and then pourmgm a little «ot the 
solution. The ink will be bleached. Another ^cthQd of test 
solution is by putting a few drops into a test-tube, acidi y g 
any dilute acid, and noticing the appearance and smell o g 

El e ctric $ Writing . This is a simple but interesting app^ation 
of electrolysis. When the bare ends of two wires which are con 
to a battery are brought close together, but not touching, o 
strip of red litmus paper a blue mark is formed round the end 
wire connected to the negative terminal. This can be done wi 
ordinary flashlight battery, but the result is obtained more re > 
if the full 9 volts from a grid-bias battery are used. By moving t 
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ends of the wires you can trace out your initials in blue on the red 

Ut The ^reason for the blue mark is that the litmus dye used for 
colouring the paper is usually a sodium compound of litmus and 
this compound is electrolyzed by the current A smal 
the alkali sodium hydroxide is formed round the cndofthenegative 
wire as in the electrolysis of salt solution. Indeed, the expenmen 
r o 7ks better ift: Utmus paper is soaked in salt soluuonwhich ,s 
then electrolyzed with the production of sodium Indroxide at 

bfred l (pheno\phthalcin turns 

re Thetperiment is sometimes used in electricity to discover which 

are the positive and negative terminals of a battery 

of current. Either kind of paper can be used and v ™ ri ^al 

the paper shows which wire is connecte to ic n « . DO l c _finding 

or ‘pole.’ The papers used in this way are called pole-finding 

papers.’ 

Electroplating 

‘Electroplating’ is the covering of the surface of a ^talu-ith^a 
layer of another metal by means of elcctrol> sis. in 

for electroplating are to improve the appearance ofarticle as i 
silver-plating or gold-plating, or to increase the resistance to^ 

rosion, as in the chromium-plating of ettei-jox silver and 

plating of bicycle parts. Electroplating wit i me a roD nei-Dlating 
chromium is too difficult to attempt at home, but copp p 

and iron-plating are easy to do. , , f nn 0 i ( j 

How to Copper-plate Lead. Obtam a step 

tooth-paste tube and a strip of copper. If no coppe crease 

a copper coin can be used instead. It ts advisable to remove grea^ 

from the surfaces of the metals by bo.lmg them fo. ‘ ^w m. u es 
in washing-soda solution. Afterwards rub the surfaces w.th sand 

P ^h a strip of cardboard bV ™ of cotton 

(see Fig. 59. P- .94)- Connect wires «o the -eU* strtps bybrn^ 
screws or wire paper-clips and connect th h thc anode 

to the grid-bias battery, using 7 5 volts - Makc the C P . . r , n bc 

1 To avoid holding thc two wiFcsdosctogcjhcr. on the 

attached to a sheet of metal (e.g. y a tin-lid) negative wire. Thc tin-lid 

sheet. The writing can then be done easdy wnh ^^auve^wrr 
must be cleaned with sandpaper so that thc 
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(_i_ve) and the lead the cathode (- ve). It is a rule of electrolysis 
that metals (and hydrogen) are set free at the cathode, non-metals 
(except hydrogen) at the anode. In our case we want copper to be 
deposited on the lead, and therefore the lead must be made the 

cathode (Fig. 65). , C11 

Put the cardboard and metal strips into a small glass pot and till 

this about two-thirds full with copper sulphate solution. A suitable 
strength for the latter is three teaspoonfuls of powdered copper 

sulphate dissolved in half a beaker- 

^ —r, _ (+) ful of water. In about ten minutes 

© ] Q e 3 o w a good j ayer G f copper will be 

I \ deposited on the lead. 

( L ) Iron-plating Copper. \ ou 

\ J will remember that it is a simple 

// matter to copper-plate iron merely 

x by dipping the iron into copper 

\ / sulphate solution. The reverse 

\ - / operation, iron-plating copper, 

^ has to be done by electrolysis. 

I Use the same general arrange- 

| c - ccrrLR ment as described in the previous 

LEAD lr_=: J< jllr.--2 section, but employ an iron anode 

—~zFp. copper (an old razor-blade or a nail) and 

- 7 -^=;-SULPHATE a s t r jp Q f copper or a copper coin 

i£rZr.~- ' ^ s ‘ /LLT,lN as the cathode. Remember to 

„ r . , clean the surfaces. A solution of 

Pig. Gy Apparatus used to . .. . 

copper-plate Eead ferrous sulphate of similar strengt 

to the copper sulphate is used for 

the electrolysis, although a solution of iron alum will do equally 

well. Again make the voltage 7-5 volts and pass the current for ten 


LEAD' --» I ! 


COPPER. 


COPPER 


minutes. 

The iron which is deposited on the copper is not shiny like 

* « • • • 

ordinary iron but black and spongy. You can prove that it ts iron, 
however, as follows. When the electrolysis is finished cut off a small 
piece of the copper strip with the black layer and test it with a 
magnet. It will be attracted by the magnet, owing to the layer of 
iron. Another test is to drop the coated copper into dilute sulphuric 
acid and note the appearance of bubbles of hydrogen. Iron, but 
not copper, gives hydrogen with dilute sulphuric acid. 

Making a Simple Accumulator. The cells in a flashlight 
battery or grid-bias battery turn chemical energy into electrical 
energy. They are ‘one-way’ cells. When the chemicals are ex¬ 
hausted the battery has to be thrown away. This is not so with an 
accumulator. The latter also turns chemical energy into electricity. 
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but when it begins to run down it is not thrown away^ Insteadn 

is charged up again by passing a ' electrica! energy of the current 

the chemicals are re-formed and th Thus an accumulator 

is stored in the chemicals as chemical energy. revcrsib le * cell, 

is a ‘two-way’ cell, or, as it is called in Science, a ^ ^ contains 

If you examine an accumulator Y ou ' hcr brown, immersed 

two alternate sets of plates, one grey an are coated 

in a liquid. The grey plates are made of ead mesn a^ ^ ^ 

with spongy lead. The browni plates‘ The liquid is dilute 

are coated with brown lead dioxid ( ; dilute sulphuric 

sulphuric acid (somewhat stronger than ordinary dilute P 

“yL can easily make a simp.e accumulator with a-W 

a couple of strips of lead from a toot pas c , strips of 

sulphuric acid. As in previous experiments, ue i he J^ a r d with 

lead, after cleaning them thorough 1 Y > 1 ^^ tterusing 6 volts. Fill 
cotton. Connect them to the grid-b • * acid. Put the lead 

the glass pot two-thirds full with dilute su p an hour. 

strips into the acid and keep the current goi g battery and 

At the end of this time remove the p ugs fr - he baue ^ 

connect them at once to a flashlight bulb. 1 he bulb b 

for a short time. , them. You 

Take the lead strips from the glass pot an * t ^ e ot her one 
will find that one has not changed in appeara , , ou are 

will now have a brown covering of lead dioxide. 5oxidc 

taking current from your home-made acc accumulator is 

is the positive strip and the lead the nc S a X ' • w hich it gives 

always charged in the opposite direc ^^° ^ lcad dioxide plate 
current—that is, the current is passed in at the 

and out at the lead plate. 


CHAPTER XI 


Experiments on Plastics 

(A CHAPTER FOR OLDER BOYS AND GIRLS) 

What Plastics are 

Nowadays many of the articles which we use in everyday life are 
being made from plastics. Tooth-brushes, ash-trays, cigarette-cases, 
combs, buttons, toys, spectacle-frames, fountain-pens, and electric- 
light switches are a few illustrations of the uses to which these 
materials can be put. Names of particular plastics like Bakelite, 
Perspex, and Beetle are becoming familiar to most people, although 
not so many are aware that there are dozens of different plastics in 
use at the present time and that new ones are still being discovered. 

What is a plastic ? Briefly, it is a substance which is soft enough 
at some stage of its manufacture to be moulded into any desired 
shape and which can then be hardened so that it keeps that shape. 
Strictly speaking, clay is a plastic, but the term is usually applied 
to materials made by chemical processes or which have to undergo 
chemical treatment before they become useful. 

There are two chief classes of plastics, described as ‘ thermoplastic’ 
and ‘ thermosetting’ respectively. Thermoplastic materials are those 
which can be softened by heating and hardened again by cooling, 
and this can be repeated over and over again. You may have 
noticed on your tooth-brush the instruction, “Do not put into hot 
water.” This instruction is given because the tooth-brush is made 
of a thermoplastic material (probably cellulose nitrate), and hot 
water causes it to soften and lose its shape. A thermosetting plastic 
like Bakelite, however, cannot be made soft by heating it when it 
has once been hardened. 

All modern plastics have one feature in common—they come 
from very long molecules. If you have studied Organic Chemistry 
you will be familiar with the chain-like structure of molecules, like 
that of octane, CH 3 . CH a . CH 2 . CH 2 . CH 2 . CH„ . CH a . CH S . 
We have not yet discovered the exact length of the chain-like 
molecules which make up plastics, but investigation by X-rays has 
shown that they are some hundreds of times longer than a molecule 
of octane, although they are still too small to be seen even with a 
powerful microscope. 

Now, millions of years before chemists had begun to think about 
long molecules Nature herself had made some. Cellulose, the chief 
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chemical in cotton and wood, is one exam^e of Natute^enror^ 

this direction. It is not surpnsmg '^“cmrhtg substance con- 
evolved by man were based on na ur . nlastics really begins 

sisting ofLg molecule, The storyofmodrnp^t.cs ma , J 

with the discovery by Alexander Parkes 01 * 

that the plastic celluloid could be ma e derived 

Bakelite, Beetle, and most f “ h « substances 

from man-made long molecule . i on „ before chemists 

were first produced accidentally, u together to form the long 

noticed the kinds of chemicals which act g ^ ^ deliberate 

molecules necessary for plastics. substances with long 

creation, starting with likely chemicals, of new subs ^ ^ the 

molecules. Out of the researches n Closely related to 

recent additions, like Perspex, to t le P a * , These also consist of 
plastics are textile fibres like cotton an . ‘ d why fresh dis¬ 
king molecules, so that we can ~d.ly umto*:an<i why of 

coveries in the plastics field have been 

new kinds of fibres, such as Nylon and Ter>lene. 

Celluloid 

Tooth-brushes, table-tennis balls white, 
mudguards, and transparent draw g cotton? which, 

celluloid. The starting-point for making cc • chemical 

as stated previously, consists largely o cl nresent an unknown 

is given the formula (C 6 H 10 O 5 ) rI , w <j rc ” ‘ .... m0 st important 

number (possibly between ioo an 2 ' r : ts long chain-like 

feature about the molecule of ceUulose aft v ?,ich can be 

structure is that it contains hydiox> ( ?iitrate (NO a ) group, 

exchanged for certain acid groups like the "mate ^ ^ of 

This exchange is brought about by tr<-Ming c Uulose nitrate results, 
nitric acid and sulphuric acid, and t c cs trate in alcohol and 

Celluloid is made by dissolving ccfiulose nitrat^ ^ place 

mixing the solution with camphor. o c 1 . - j agent/ It 

with the camphor. The latter is called « Molecules 

merely acts as an internal lubricant an 1 1 The pasty mass 

of cellulose nitrate to slide easily over eac i sb e Q f the mould 

is warmed, put into a mould, and squeeze hardens and keeps its 

in a press. When the celluloid is coo < rolled out into sheets 

shape. Alternatively, the celluloid ma> ma king photographic 

between heavy rollers. In this way sheets foi mak. u 1 
film and drawing-instruments arc o jtainc • Q e u u i 0 id is thermo- 
Te sting the Properties of Cell ot - a saUCC pan of 

plastic. If an old transparent tooth-bi . d w ith a spoon it 

boiling water for a few minutes and c 
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can be easily bent. When the tooth-brush has cooled it will retain 
its new shape. A table-tennis ball which has been accidentally 
dented can be restored to its original shape by dipping the dented 
portion into hot water. The celluloid is thereby softened, and the 
expansion of air inside the ball forces the softened surface into a 
spherical form again. 

The chief drawback in the use of celluloid is its high inflam¬ 
mability. This sometimes leads to fatalities when children’s celluloid 
toys are accidentally set on fire. You can test its inflammability by 
burning in the fire an old tooth-brush or a strip cut from a trans¬ 
parent protractor. The celluloid will burn quickly and fiercely. On 
no account should you burn old photographic film while holding it 
in your hand. The film will flare up and will probably burn your 
hand. For many purposes ( e.g ., home-cinema film) ordinary cellu¬ 
loid has been replaced by the safer ‘non-flam’ celluloid. The latter 
consists of cellulose acetate, and is described at p. 228. 

Home-made Nail-varnish. Cellulose nitrate is insoluble in 
water but it dissolves in amyl acetate or acetone. Amyl acetate is a 
colourless oily liquid with a strong smell of‘pear-drops’ or bananas. 
It is sometimes called banana-oil. If your mother or sister uses nail- 
varnish the smell of amyl acetate will be familiar to you, for nail- 
varnish is a coloured solution of cellulose nitrate in amyl acetate, 
although to make the solution evaporate more rapidly a volatile 
liquid like acetone is often included. After the evaporation a shiny 
film of cellulose nitrate is left on the nails. Acetone is the principal 
constituent of nail-varnish remover. 

Nail-varnish can be made at home from old photographic film, 
an old tooth-brush, or a transparent protractor or set-square. Small 
quantities of amyl acetate and acetone are also required. These can 
be obtained cheaply from a chemist’s shop if you take your own 
bottles. Acetone is a highly inflammable liquid and should never be 
used with a naked light in the same room. Amyl acetate is not as 
inflammable as acetone, but it should be kept away from a flame or 
it may set on fire. 

If you are using photographic film, first remove the black layer 
on it by rubbing with sandpaper. Cut about two square inches of 
the film into small pieces. If your material is an old tooth-brush, use 
one of the transparent type. It is scarcely necessary to point out that 
the colour of the tooth-brush will determine the colour of the nail- 
varnish which results. Put the tooth-brush in a test-tube and half 
fill the latter with amyl acetate. Leave the brush standing in the 
liquid for ten minutes and then remove it and allow it to dry. This 
will soften the material so that shavings can easily be cut from it 
with a knife. 
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Put the pieces of cellulose nitrate into^a small bottle and ™ the 

bottle with a mixture of two parts of y The dissolving 

acetone. Cork the bottle with a tig > ^ h h dissolving 

of a plastic in a solvent is a much slower process than the dj* ^ 

of salt or sugar in water and it will dissolve. Test the 

with occasional shaking, for the ■cc u ^"finger-nail and allowing it 

solution formed by smeai ing a little * g 

to evaporate. A • rr> i our l e ss it can be 

If the nail-varnish which you have m Thus the lead 

coloured by incorporating a small amount of > • 1 red 

from a redpencil can be crushed and used ‘Xion o/colour- 
colour. Congo red will give a dark re because water will not mix 
ing matter like red ink cannot be u rubbed thoroughly 

with the varnish. The colouring matter should “in an egg-cup. 
into a little of the varnish with the back o a spoon m an g 
The coloured liquid is then returned to the bottle, 

shaken. 


Artificial Silk 

The most common form of artificial silk is viscose is 

of practically pure cellulose. When .t ,s m ‘he form oil a ^ _ 

usually called rayon and is used for ma uig 5 j ' t j, c name of 

in sheet form it is used as wrappmg mater.al under 

C Vh P coseTsnot regarded as a true plastic since itdoes -tjoduouglt 
a moulding process, but it is closely rc a c ^^ , p in ca ustic 
manufactured by dissolving the cellu osc y or viscous, 

soda and carbon disulphide. The so ution s * solution is then 

liquid which has given rise to the name V sC ?V’ • a<dd which pre¬ 

forced through fine holes into a bath o su p _^ nts# These are 
cipitates the cellulose in the form o nativc l y , to produce 

gathered up and spun into thread. u a long, narrow 

Cellophane, the viscose solution is ^ ee !,miltTobtain 0 e n d ? ’as a thin 
slit in the sulphuric acid bath, and the cellulose is obtained 

transparent sheet. . . « ^-thod of making 

Miking Artificial Silk. The industrial method 

artificial silk is not a suitable one to imitate un QUt and was 

The method now described, however, is € cas ^ on j um silk.’ It 

formerly used commercially to make her- paper in the deep 

consists of dissolving cellulose in the form added to copper 

blue liquid formed when excess of ammom compound 

hydroxide. The deep blue solution contains 

cuprammonium hydroxide. , so i ul ion into a beaker. 

Put an egg-cupful of strong copper sulphate soiui 
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Add dilute sodium hydroxide solution until no more precipitate of 
blue copper hydroxide forms. Now add strong ammonia solution 
to the beaker, drop by drop, and stir at the same time until the copper 
hydroxide has dissolved, forming a clear deep blue solution. Tear 
a filter-paper into small peices and stir these into the liquid. The 
paper will dissolve and produce a thick viscous solution. 

If you can procure a small syringe introduce some of the filter- 
paper solution into it. To do this you will have to remove the 
plunger of the syringe. Half fill a beaker with an acid solution 

(dilute sulphuric acid, citric acid, or 
sodium bisulphate solution). Place 
the nozzle of the syringe below the 
acid. Squeeze out the blue solution 
steadily into the acid, at the same 
time moving the nozzle about in the 
liquid. A long blue filament will be 
formed as the solution comes into 
contact with the acid (Fig. 66). The 
filament consists of cellulose, or artifi¬ 
cial silk. Leave it in the acid for a 
while, when it will gradually turn 
white. Remove it with a spill from 
the liquid, wash it gently under the 
tap, and allow it to dry. 

_ If a syringe is not available, a 

IMG. bo. Method of r . t.., . . , , i_ iu 

precipitating Artificial Silk fountain-pen filler with a rubber bulb 

or even a length of glass tubing can 
be used instead. Pour the filter-paper solution into a test-tube and 
partly fill the glass tube by lowering it into the solution. 

Casein Plastic 

Milk is the basis of one important branch of the plastics industry. 
87 lb. of every 100 lb. of milk consists of water. The remainder is 
made up chiefly of fat, milk-sugar, or lactose, and casein. Casein 
is a complex chemical of unknown formula, but it is known to contain 
carbon, hydrogen, oxygen, nitrogen, sulphur, and phosphorus. 
There is about half an ounce of casein (in the form of a colloidal 
suspension) in one pint of milk. 

Casein can be precipitated from milk by means of acids, as 
described at p. 106. In industry the precipitation is carried out with 
rennet, an extract from the stomach of the calf (rennet is used at 
home for making junket). After the cream has been separated the 
skimmed milk is warmed and treated with rennet. The precipi¬ 
tated casein is mixed with hot water and made into a dough, 
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which is then pressed into sheets or forced through holes to form 

Before it can be used to make articles the casein has to undergo a 
chemical treatment. This consists of soaking the sheets or rods in 
a solution of formaldehyde, which hardens them. The hardening 
process is slow, and some months are required for this stage to be 
completed. Eventually, however, a hard, strong product resu s. 
This is made into buttons, buckles, combs, dominoes, knitting- 

needles, and many other articles in everyday use. 

Casein plastic differs from most other plastics in that objectsare 
not made from it by being pressed into shape in a mould. Instead 
the sheets and rods, after the formaldehyde treatment, are shape 
and cut by tools like saws and drills. Casein plastic is thermo¬ 
setting, but objects made from it are softened by immersion in 

boiling water owing to the water being absorbed. • 

Malting Articles with Casein Plastic. I he making of casein 
plastic and its conversion into useful articles like table-napkin ring 
ash-trays, match-holders, etc., are well within the.compass^of the 
amateur chemist. Ordinary milk, soui mi , or rie mi 
used. Ordinary milk should be allowed to stand for a time and the 
top layer of cream skimmed off. Dried milk should first be rccons 
tuted by mixing it with warm water in accordance with the instruc¬ 
tions given on the tin (except that more casein can be obtaine 

making a strong solution). ., . , • _ 

Formaldehyde solution will also be required, l-ormaldehyde is a 

gas, but a strong (40 per cent.) solution is sold bye cmis 
name of formalin for disinfecting purposes. I his wluuon cost- 
about twopence an ounce, and four ounces wi pro\i e s 
of the chemical not only for the experiments on casein p as lt 
also for those on urea plastic which arc described later. 1 he solution 

• is poisonous and should be kept in a safe place. r 

The first step is to obtain casein from milk. Put about a q 
the skimmed or reconstituted milk into a saucepan and wai m it. 
Have ready half a cupful of vinegar, very di utc su p ‘ W L 

citric acid solution containing two tcaspoonfuls o t ic crys « • . 

you can just bear your finger in the hot milk pour t u ; ICI . 

gradually into the saucepan, stirring as you poui. c 1 
curdle rapidly, and a white cheese-like mass of casern -.11 be 
precipitated. Strain off the liquid through a s leet o 1 d 

old handkerchief. Gather the cloth with the casein into a ball and 
dip it a few times into a basin of water to wash out t ic aci 
casein. Then squeeze out as much moisture as y ou can. _ 

the cloth on a folded newspaper and leave it for half an hou 
paper to absorb most of the remaining moisture. 
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The next stage, if you desire a coloured product, is the addition 
of colouring matter. Transfer the casein to a small basin with a 
spoon and add two or three drops of coloured ink or water-paint. 
Red ink is quite satisfactory, but do not use blue-black ink, as the 
colour does not last. You will be surprised by the ease with which 
the casein takes up the colouring-matter and the resulting vividness 
of the dyed casein. Mix the dye in well with a spoon until an even 

shade is obtained. . u c 

To make, sav, a table-napkin ring you will require a mould ot 

suitable size and shape. You should bear in mind that considerable 
shrinkage will occur during the hardening treatment and the 
finished object will be only one-half to two-thirds the size of the 
same object in the mould. A beaker or mug with straight sides 

serves admirably as a mould. . 

Transfer to the beaker or mug a few spoonfuls of the casein and 

shape it with the back of a spoon to form a ring around the sides at 
the bottom of the vessel (see Plate 7). A suitable size to aim at is a 
ring about three inches wide, two inches high, and a quarter of an 
inch thick. When making the ring press the pasty mass against the 
sides of the container to squeeze out bubbles trapped in the casein 
(with a glass beaker you can see when this has been accomplished). 
Finally smooth the inside of the ring so that the sides are straight. 

The next stage is the formaldehyde treatment, but before starting 
this it is as well to leave the beaker or mug standing for an hour or 
two in a warm place, such as the bottom of the airing-cupboard. 
This will partially dry the ring, so that it will not fall to pieces in 
the formaldehyde solution. Meanwhile prepare the latter. In 
industry a 5 per cent, concentration of formaldehyde is employed, 
but it is advisable for you to use a slightly stronger solution. Dilute 
some of the 40 per cent, formalin to about five times its volume with 
water, remembering that only a beakerful or mugful of the dilute 
solution is needed. Pour the diluted solution into the beaker or 
mug until the ring is covered, and leave it on a saucer on a shelf. 

The soaking in formaldehyde should last for about two days. At 
the end of this time simply pour away the solution, and replace the 
vessel on the shelf without touching the ring. Wait for another 
three or four days, when it will be found that the ring has shrunk 
away from the sides of the container. Remove the ring carefully, 
place it on the saucer, and leave it now for two or three weeks 
without interfering with it. Although not finally hardened, the ring 
will now be strong enough for you to handle gently. Shape the top 
and bottom of the ring with an old razor-blade, and smooth away 
any unevenness on the sides by rubbing them with fine sandpaper. 
Only gentle pressure should be applied, and it is best to hold the 
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ring in one hand while you use the sandpaper with the other When 
the smoothing is completed to your satisfaction again lea^ e the ring 

for the hardening to continue. , 

The hardening process lasts for two or three months, but at the 

end of five or six weeks the ring will be quite hard and tr g. 
you can apply the final treatment. Another iu in § finish, 
sandpaper will probably be required to produce a smo 
To make the surface shiny, polish it well with a good brand of metal 

polish, or paint it with a quick-drying lacquer. ‘ ,u ' 

have a table-napkin ring similar to the one shown in a • 

Other objects can be made with casein plastic by the same metho- 
The same beaker or mug will also serve as a mou or 
holder. In this case the bottom as well as the sides o t cv 
be covered with a layer of casein. To make an as - r< > ’ 
ash-tray or saucer as the mould, and stand this in a *oupplatc«o 
the formaldehyde treatment. If modelling-clay is aval a - 

fashion moulds of various shapes and make a wide vane y ‘ 

Casein plasdc can be bought in sheet form and use me 
useful objects. The handling of this material is esen e * 

Repairing a Cracked Beaker with Casein Glue. P1 ‘ sues arc 
used for other purposes besides making articles. n e$ 

adhesives or glues to make things stick together. .astin is w uj c h 
used in this way, although not as frequently as P ’ e ; n i n 

is described later. A good glue can be made by c »sso « ‘ . a 
a strong solution of borax. The glue can be use ° « uc can 

cracked beaker and thus prolonging its usefulness. g 

also be used to seal a cracked jug or vase. _ i,„ n i crr 

To make the glue, put a teaspoonful of casein into a c P t il 

and add a strong solution of borax, a little a * a tirm ’ S . . ° Take 
the casein has dissolved. A creamy liquid will be obtained. l ake 

a strip of rubber and rub one side of it with sandpapei to dean 
and roughen the surface. Apply the casein solution to the cleanea 

surface and press the rubber over the crack in t ie * ^ w jh 

the beaker undisturbed for a couple of days, w cn 1 beaker 

have become firmly cemented to the beaker. t ioug 
cannot be heated, it will now be quite watertight. 

Bakelite 

A great advance in plastics was made when cbemrsts ^JJ” anccs 

how to make substances consisting of long molccu cs r resulting 

consisting of short molecules. The first syntheLc piastu: resulting 

from this discovery was Bakelite, which was discove.ed by 

American chemist, Dr L. H. Baekeland, in 1909. rr mldehvde 

Bakelite is made from phenol, or carbolic acid, and for Y 
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When these substances are heated together with a catalyst they 
undergo a condensation process whereby water is_ eliminated and 
some hundreds of the phenol molecules become joined together in 
long chains by means of the formaldehyde molecules. ^ e P r “ en “"® 
the phenol molecules by large circles and the formaldehyde 
molecules by small circles and omitting the water which is formed, 

we can indicate the change simply as shown in Fig. by. 

Readers who have a knowledge of the chemical formula: ol 



Fig. 67. The joining together of Phenol Molecules by 

Formaldehyde Molecules 



organic substances may be interested to see the proper chemical 
equation which is: 


OH OH 



The product is a resinous substance (most plastics have a resin-like 
form in the early stage of their manufacture). The resin is dried, 
ground to a powder, and mixed with a ‘filler’ to give it body, lhe 
usual filler is ‘ wood flour,’ which consists of finely ground wood. 
The mixture is fed into a heated steel mould shaped like an ash-tray, 
a tumbler, etc. A hydraulic press is then closed, and in a few 
seconds the mixture is pressed to the shape of the mould and at the 
same time hardened. 

Bakelite is thermosetting. The reason for this lies in the change 
which occurs in the press. Under the influence of heat and pressure 
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.he long molecules of the resin aremade^o Ta M 

formaldehyde molecules still pre . disintegrated by 

interconnected network in space which canno be^h mteg J 

heat. It is a single ‘ giant molecule. The *™« u " uke cellulose 

fundamentally from that of a ^mopl re or less side by 

nitrate, which consists of long molecules i> 0 

Phenol U too dangerous a chemical 

chemists to use and therefore expenme is urea plastic, 

here. A safer material of a similar type to “ U P 

This can be made at home, as described in the next 

Urea Plastic 

Many of the gaily coloured articles of everyday « egg- 

cups, spoons, and tumblers, ar ®^ of C thc bcst known being beetle, 
called by various trade names scent substance having the 

Urea is a wh«e ^NH ) W^n urea is heated with formalde- 
chemical formula CO(NH 2 )a- ' fSS similar to the one 

hyde solution it undergoes a condensa 1 P creamy resin is 

which occurs with phenol and forma e > ‘ r£sin . ^ by heating 
formed. There are two ways of hardening result in cross- 

it, and (ii) by treating it with "nal product 

Unking of the long molecules of the resin, 

is thermosetting, like Bakelite. . r nlastic is similar 

The manufacture of moulded articles ft on ucapUsti ^ dcr> 

to that used for Bakelite. T he resin ts r j c » s hreddcd paper, 

and mixed with a suitable filler (wood our ^recia p 

asbestos, etc.). The mixture is then moulded in a press 
" The^resin is also widely used as 

purpose an acid is often employed as t le iar r tbc With a 

required for hardening depends on t e s rei g ta kes place in a few 

dilute mineral acid like sulphuric acid ia rre hours arc needed, 

minutes, but with weak organic acids two g l uc in 

Synthetic glues of the Beetle. type are Asides 

many directions. They are used to ** . r u stronger than 

being immune to the action of the wcat er, asbestos arc also 

ordinary plywood. Sheets of paper, men, < laminated 

‘bonded* together by means of ureaaeroplane 
plastics, as they arc called, are used ^ ^ s m c ‘ ontrol panels, electrical 
fuselages, airscrews, table-tops, gear \ * 

insulating material, and dozens of other I >UI I * bouR ht at the 
Malting Urea Plastic. Urea can usually be boug^ ounccs 

chemist’s. It costs fourpencc or fivcpcncc an 
will suffice for the experiments described. 
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The only other chemical required is about three ounces of the 
40 per cent formaldehyde solution, mentioned at p. 209. A certain 
amount of formaldehyde gas is given off in the preparation of the 
plastic. This gas is poisonous in large quantities, but you can safely 
use the solution in the amounts given. Even in small quantities, 
however, the gas is irritating to the eyes and nose, and to avoid 
discomfort it is advisable to have doors and windows open so that 
there is good ventilation. It is as well also to choose a time for your 
experiments when nobody else is about. 

To make the resin, put an egg-cupful of urea crystals and two 
egg-cupfuls of the 40 per cent, formaldehyde solution into a clean 
beaker. Without heating, sdr the liquid until the crystals have all, 
or nearly all, dissolved. Then warm the solution over a gauze and 
tripod while continuing the stirring. When the liquid begins to boil 
a fairly vigorous action will set in, and in a few seconds the contents 
of the beaker will turn creamy in colour. At this stage pick up the 
beaker in a cloth and carry it outside into the open air, holding 
your breath as you do so. Allow the beaker to cool outside. The 
thick white resin which remains is used for the experiments now 

described. 

Before using the resin it is a good plan to leave it for twenty-four 
hours, during which time any excess of formaldehyde will largely 
disappear. This precaution is not essential if hardening is carried 
out with acid, but it should certainly be taken if hardening by heat 
is attempted, otherwise uncomfortable quantities of formaldehyde 
will be given off. To economize in the use of the resin, decide on 
which experiments you wish to try, and get all your materials ready 
beforehand. 

Experiments with Urea Plastic. First try different fillers with 
the resin, and use an acid as the hardening agent. Suitable fillers 
to try arc sawdust, cotton-wool, blotting-paper, cardboard, and 
sand. The best acid to use for hardening is citric acid solution (one 
small teaspoonful of crystals to half a cupful of water). Vinegar, 
sulphuric acid, or sodium bisulphate solution can be used, but the 
last two should be in very weak concentration or hardening will be 
too rapid. A teaspoonful of dilute sulphuric acid to a beakerful of 
water is a suitable strength. 

Half fill an egg-cup with the resin, add three or four drops of acid 
of the strength mentioned previously, and mix well. In another 
egg-cup put a couple of teaspoonfuls of sawdust or sand, and stir 
into this just sufficient of the acidified resin to make a stiff paste. 
Transfer the paste to a tin-lid. Similarly soak in the resin a small 
wad of cotton-wool, a little blotting-paper, and a small piece of 
cardboard which has been roughened with sandpaper. Place the 
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treated articles on the lid and leave them for a few hours in a warm 
place, such as the bottom of the airing-cupboard. \ ou will fi 

that they become quite hard. tT , a L-; n c7 

Making Laminated Plastics. You might try next the making 

of a laminated plastic with strips of cardboard or ott *^ C ’r 
and if an oven is available heat might be use as \c . 

hardening. This experiment demonstrates very we i 

which is imparted to materials by the plastic. h 

Cut four strips of cardboard or six strips of blotting-paper eac 
strip measuring about sbe inches long and one inch wide. Roughen 
the surfaces of the cardboard strips by rubbing them with sandpaper 
The resin does not require acidifying when iar cniiv 1 ^ 

out with heat. Paint the resin with a small brus i mer need 

of the strips. The two strips which arc to >e on t ic ou * , 

painting only on one side. Let the resin soak into t ic car 
a few minutes and then apply a second coating. I lace the . p 
top of each other and press them firmly toget er. 

Leave the strips for half an hour in a slight > waim m - 

out. Examine the strips to make sure that thc> appe ai ( . ' 

and then increase the heat of the oven to medium heat. Lca '*V 
strips exposed to this heat for ten minutes. \V icn t \c\ »* j 

from the oven it will be found that they have become firmly cemcntc ^ 
to one another. Any gaps between the strips are c uc to incom 

drying in the first stage in the oven. . .. ,„ nrr 

The strips of blotting-paper can be bonded in a su round 

To test the strength of the laminated plastic, tic some s j ic 

half a brick and make a loop in the other end o t it s rn . • * , 

loop over the compound strip of cardboard or > o mg P* { 

hold the ends of the strip in your hands. I he strip s lou usua n y 
the weight of the half-brick (sec Plate 8). I ns cs 
successful if the plastic has been hardened in the oven. f 

Safety-glass. This kind of glass is used for the;w.ndsc.ecmrf 
motor-cars, and has done much to reduce the mjuiics w r a 

from flying glass when an accident occurs. Sa et>-g ass 
thin sheet of plastic sandwiched between two shce s of o^mary 
glass. When broken it does not splinter, because t ie in 

of glass are held together by the plastic. . • «. a r etv . 

Cellulose acetate is the usual plastic employed in makmg ^ 
glass, but urea plastic can be used for the same purpos . ^ 

make safety-glass at home by cementing together two p 

with urea resin. Either method of hardening can e _ ^ 

Making an Ask-tray. If you arc interested m p astics> miuli 

probably want to attempt the making of some ai uc , n ^kc 

ash-tray or an egg-cup. We shall describe first how you can make 
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an ash-tray, using cotton-wool as the filler for the resin. The most 
convenient method of hardening is by means of acid.^ 

In the first place, you will require a mould to give the shape. 
You can either use an ash-tray as a mould, or construct a mould of 
suitable shape from modelling-clay. From a roll of cotton-wool 
detach a strip of sufficient size to cover the mould and about quarter 
of an inch thick. Trim the cotton-wool roughly to shape. Acidify 
about two egg-cupfuls of the resin as described previously and add 
a drop or two of coloured ink (not blue-black) or a little water-paint. 

Rub some grease or margarine over the top surface of the mould 
to prevent the cotton-wool from sticking to the surface. Place the 
mould on a plate and pour about half an egg-cupful of the coloured 
resin into the mould. Lay the cotton-wool over the surface and press 
it down with the back of a spoon. The resin will soak into the cotton¬ 
wool. Transfer more of the resin to the cotton-wool with the spoon 
until the whole of the cotton-wool has been impregnated. Press the 
wet material closely to the surface of the mould with the spoon. 

Leave the plate and its contents in a warm place, such as the 
airing-cupboard, for twenty-four hours. The cotton-wool should 
then be dry and hard. Loosen it in the mould by running a penknife 
blade round the edge, after which it should lift out easily. If the 
bottom of the new ash-tray is not dry and firm, leave it for a further 
period with the lower side uppermost. 

The final shaping of the edge can be carried out by cutting with 
an old razor-blade and rubbing firstly with a small file and then with 
fine sandpaper. If you want to make the job still stronger, rub the 
entire surface with fine sandpaper, apply another coating of the 
resin, and dry as before. To make the surface of the ash-tray shiny, 
polish it with a good metal polish, or paint it with a quick-drying 
lacquer. 

Both of the ash-trays shown in Plate 8 have been made with urea 
plastic. For the larger one cotton-wool was used as the filler, and 
for the smaller one fine sawdust (see the next section) was employed. 

Making an Egg-cup. For this experiment the best filler to use 
is fine sawdust. A near approach to the wood flour used as a filler 
in industry can be made by rubbing a piece of soft wood across a 
nutmeg-grater. This produces very fine shreds of wood. Alterna¬ 
tively, you can shake some sawdust in a coffee-sieve and use the fine 
particles which pass through the sieve. Plate 7 illustrates the stages 
in making an egg-cup. 

Construct a mould by pressing modelling-clay round an egg-cup 
(the type without a foot should be used). Cut the clay down opposite 
sides, remove the egg-cup, and re-join the sides of the clay. Mix 
an egg-cupful of the acidified resin with the finely shredded wood or 
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sawdust until a stiff paste is Tould ^d 

also be incorporated at this stage. 

line the bottom and sides with the paste. accom- 

In this experiment the process of drying is no ^ a( ? cclerated 
plished owing to the shape of the mould, but ^ a saucer in 

as follows. After leaving the mould and side G f the 

a warm place for twenty-four hours make cuts ^ of 

mould in three or four places. Care uke this for another 

and gening smooth 

a coating of lacquer. 



CHAPTER XII 


Working with Sheet Plastic 

In this chapter we shall describe the handling of some of the modern 
plastics which can be bought in sheet form. Although the working 
of sheet plastic belongs more to the field of Handicrafts than of 
Chemistry, the materials employed are of great interest to chemists. 
The making of useful or decorative articles from the sheets not only 
gives an insight into the properties of the plastics but is a fascinating 
activity in itself. 

The following pages deal with Perspex, cellulose acetate, and 
casein plastic. All three materials can be readily cut with a fine¬ 
toothed saw and the first two can be softened by heating or immer¬ 
sion in boiling water, so that with the help of a few simple tools the 
amateur can make such objects as toys, trays, cigarette-cases, 
trinket-boxes, toast-racks, etc. Some home-made articles of this kind 
arc illustrated in Plate 8. When the working principles involved in 
handling the materials have been learned the variety of articles 
which can be constructed is limited only by the enthusiasm and 
ingenuity of the worker. Addresses from which plastic materials 
can be bought are given at the end of the Chapter. 


Perspex 

Perspex is the trade-name of a product manufactured by I.C.I. 
(Plastics) Ltd. In America a similar material is called Lucite. Perspex 
is sometimes described as an organic glass, because the transparent 
sheet has the appearance of glass. It is much less brittle than glass, how¬ 
ever. Another difference is the remarkable clarity of Perspex which 
gives articles made from it a truly brilliant and beautiful appearance. 

Chemically Perspex consists of polymerized methyl methacrylate, 
and is manufactured from acetone and hydrogen cyanide. Those 
readers who are keen on Organic Chemistry will be interested to 
know the various stages representing the manufacturing process. 
The stages are as follows: 
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The change of acetone cyanhydrin 

with sulphuric acid and the acid ^ ^ ... polymcrizc d and a 

by means of methyl alcohol. ' . . h catalyst 

transparent sheet obtained by heating the ester 

between glass plates. . , manufactured as a 

Polymerized methyl methacry , i n this form it is 

moulding-powder in the form of small spheres, i 

known as Diakon and is used for ma ^*™ heets and both kinds 
Perspex is sold in transparent or opaque sh^an, in 

can be obtained in a variety of co ou * s ^ d , in Unti l the reader 
standard thicknesses, such as i, iff* 5 * advised to limit 

acquires experience in handling the he,» is lia ble 

his work to the V,v in - thickness. . to seven shillings 

to fluctuation, but at the time o P u ** Coloured sheets are some- 
per square foot for the thinner vane - method of purchase 

what dearer. For the beginner an economical memo P of 

is to buy ‘offeut’ sheets. These consist of ionSt and 
different thicknesses left over from manufacturing opera 

cost about seven shillings per lb. Pprsocx. (i) Cutting. The 

Operations involved in handing Perspex.^( kinds 

usual tool for cutting Perspex is a ne aw For sma ll cuts (up 

of saw are a hacksaw, a fretsaw, or . about a shilling and 

to three inches long) a small hac saw, ^ k§aw> is vcry convenient, 
known to ironmongers as the Jun , paper-covering to 

Perspex sheet is usually supplied marked our 

protect it from scratches. The line ruler If the covering 

on the paper-covering with a pcnc.1 « material w ith 

becomes removed, the marking ca sharpened to a 

a sharply-pointed knife or a nail which has been 

point with a file. _ , ■ , ril ttine Perspex, 

It is necessary to use a lubricant or ’ ^ t hc material will 

otherwise thc saw will ‘ bind very ‘ ‘ with a smear of soap 

probably snap. Thc best lubncan , *• t h c saw should be 

along both sides of thc blade. To avo» c g ’ duc cd by sawing), 
kept as free as possible from ‘ swarf’ (the dust produce cl y 

and the lubricant should be renewe requen • ^ blade of an 

Another method of cutting Perspex is with the heat^ u 

old penknife. This will first soften the n \ at< hancxtcnt that it causes 
The blade should be thin and not hcatc « docs nQl lcavc as clean 

the matcrial to blacken. This method o S e that it can be 

an edge on the sheet as a saw, but it has the advantage t ^^ 

used to cut curves which otherwise requ margin (say tV, in-) 

When the sheet is being cut to measurements a marg^^ y 

should always be allowed for finishing o 
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(ii) Smoothing Edges. After the sheet has been cut sharp or rough 
edges will remain. The roughness should be removed by rubbing 
with a small triangular file and then with fine sandpaper. Prolonged 
rubbing with a file will cause it to ‘glaze* due to finely powdered 
material, and the file should be cleaned now and then with a stiff 

brush under running water. ^ 

After the rubbing treatment the edges will have a ‘frosted’ 
appearance, which provides a striking contrast to the clarity of the 
transparent faces. The ‘frosted’ surface can be made transparent, 
if desired, by polishing as described later. 

(iii) Bevelling or rounding Edges. These operations are usually 
carried out with a file, followed by fine sandpaper, although special 
engraving tools can be bought for the purpose. 

(iv) Softening. Before the sheet can be bent or moulded it has to 
be softened. Perspex is a thermoplastic material. It can be softened 
to some extent by immersion in boiling water for two or three 
minutes, but the degree of softening is sufficient for only small jobs. 
The best temperature to use for softening is about 130° C., which 
can be attained in the household gas or electric oven The latter 
should be regulated to slightly below medium heat. The material 
under treatment should be placed on an asbestos mat in the upper 
part of the oven and left for two or three minutes. The mat and the 
material are then removed with a cloth, when it should be found that 
the Perspex is pliable like a sheet of soft rubber. ‘Blistering’ of the 
material indicates that too high a temperature has been used. A 
preliminary trial with a small test-piece of the sheet will guard 
against this happening. 

(v) Bending. This is accomplished by wrapping the softened sheet 
round some object which has the desired shape. Thus if a circular 
curve is to be produced the sheet is wrapped round a cylindrical 
tin of suitable diameter. A right-angled bend can be made with 
the help of a scjuarc tin. The object used for shaping the material 
should be made of metal or wood and not of glass. The latter is 
liable to crack with the heat. 

The length of time for which the heated plastic will remain soft 
enough for working depends on the thickness of the sheet. Sheets 
j\f in. thick will retain their working heat for about 25 seconds, 
those J in. thick for about 40 seconds. 

If > 'our first attempt at bending is unsuccessful, you need not 
despair. All you need to do is to return the material to the oven. 
It will soften and straighten itself into sheet once more, and another 
attempt can then be made. This can be repeated over and over 
again if necessary. 

(vi) .Moulding. Moulding differs from bending in that the softened 
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, - • cKam» The production of complicated 

sheet is pressed into a given shap . P amateur to attempt, but 

shapes by moulding is too difficult ^ cavity mould can be 

simple mouldings can easily be c an be made in a 

cut out of wood with the help o a i ater . In either case a 

container with plaster of Paris as cscri mou ld is required for 

‘plunger’ which has the same shape as the mould req 

pressing the sheet into the , flash n whic h remains attached 

The excess of material (called th J Qr by means Q f a heated 

to the moulding is removed with a * > a margin must be 

penknife blade. When the flash is being cd S cs. 

allowed for the subsequent filing an . nl pieces of Perspex, 

(vii) Cementing Pieces together. To join p • d This can be 
a special cement called Diakon cement is * for to 

bought from the addresses given at the end of the chap 
is. *d. per small bottle. The cement is economical to , 

little is needed on each occasion. 1 tes au ickly, so that 

The cement contains a solvent w ic ^aoolied. It should not 

the liquid hardens rapidly after it las c «^P1P for further 

be applied with a brush or the latter will berencierea ^ ^ The best 

use by the coating of hardened cement \% tw i stc d paper spill, 

way of applying the cement is be used 

sparingly^ so tha^To^Tquid is squeezed out when the pieces are 

times be used if it is available. O minutes. When the 

pressed together by hand for two or u sturbe d for an hour 
pieces have been joined they should be left und.stu. bed 

or tvvo * , ■ r r l.c nf Persnex is that it 

(viii) Polishing. One of the chief faults c P not too deep, 

scratches rather easily. Providing the sera ^ rst w j t h a good 

they can be removed by rubbing the po ii s h. Separate 

brand of metal polish, and then wit Frostc d surfaces can l>c 

cloths should be used with each poll. . 

made transparent again in the same wa V- ial polishes which 

Another method of treatment is to use nolish No. i and 

can be bought. These arc known as Persp . P These 

Perspex polish No. a, and each costs about 

polishes are applied in turn to the surf “ to mi ,ke small holes, 

(ix) Making Holes. It is sometimes necessary king hinges 

• • • r PiiR-i ~ 


W Making Holes, iiissum-—‘ ? for , na king hinges 
for riveting two pieces of Perspex togc stronger than one 

( e.g for a box-lid). A riveted joint is usua y 


iur a uox-nu;. ^ - x 

■ A suitable cement can he made by disco,vine smal, fra.menls »f 
(such as ‘swarf’) in the liquid trichlorcthyl* nc. 
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which is merely cemented. Small rivets and hinges can be cut from 

a wire paper-clip. . . ... r 

The best way of making the holes is by means of a twist drill of 

suitable size (* in.). To prevent the drill from slipping and scratch¬ 
ing the material, the hole should be started with a gimlet or bradawl 
which has been sharpened to a point. The rivets are afterwards 


cemented into the holes with Perspex cement. . 

. A quick way of making holes is to heat a short length of wire 
held in a pair of pliers and press it into the material. This leaves a 
raised edge around the hole, which makes the method unsuita e 



( 0 .) 

1'ig. 68. Method ok making Trouser-cups from Perspex 


for riveting. The holes produced, however, can be used satisfactorily 

for inserting wire hinges. . 

(x) Engraving. The engraving or scratching of lines on Perspex is 

one of the chief ways of producing a decorative effect. Various 
examples can be seen in Plate 8. Any pointed tool, such as a large 
nail filed to a point, can be used for the purpose. For the best 

results the scratches should be fairly deep. 

When the sheet is to be bent or moulded the engraving should be 
done before the bending or moulding, as it is often difficult to scratch 
the lines accurately after these operations. Straight lines are made 
with the help of a ruler, the material being placed on a dark surface. 
Curved lines are first traced out with the pointed tool. It is a good 
idea to draw designs on paper and then gum the latter to the lower 
side of the sheet. The design can be followed closely on the upper 
surface with the tool. 

Making Trouser-clips, a Bracelet, or Sugar-tongs. Making 
these articles forms a good introduction to the handling of Perspex. 
The operations involved are cutting, smoothing edges, engraving, 
softening, and bending. 
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»2«r. ±-;%sz 

raw* - - 

the ends of the strip point upward (Fig. 68 {a • surfa ce 

With your free hand press the -ds <of the^P,o ^ ^ ^ 

of the tin, using the second duste P ^ angles. Keep 

ar£ftS*« s rtrir^tsu^. 

shown in Fig. 68 ( b ). Make a s « ond material steadily 

It is important to carry out the working oi the mate ^ The 

and without fuss when it has been remou nerform the bend- 

plastic will remain soft sufficiently long or >° P. i t i ian d. 

ing without hurrying, providing that you *rc * 

If you become agitated, you are likely to make a mess J 

Remember that if anything goes wrong you can always 

material once more in the oven an start again. Christmas gilt 
A Perspex bracelet is an acceptable bjrthda> o. ^r stm _ g ^ 

for a lady friend. It is made (preferably fro 4 • J . 

similar manner to a trouscr-clip, except that the ends ofJhe str p 

are not bent outward. Also, some decoration must be 

This can be done by engraving lines or the lady (h( . appcar . 

before bending it. Frosting small sections also impr ■’ f 

ance. Another suggestion is to cement small p.eces^of 

various shapes at intervals on the outside o P 

A pair of sugar-tongs («‘“* rat ^ “LTmiddle.Mp^ring 

d^totwidth of 8 in 8 aTfhe 8 ends. The strip » 

piece of wood, the edges of which iave d C arance with 

ends of the strip are bevelled and given a hosted app 

fine sandpaper. . , . > and decora- 

Making a ^o^akeT he"following operations are 

tive for a dressing-table. Io inane cementing, 

required: cutting, smoothing edges, so l ^ ni t ^ kncss should be used, 
and insertion of hinges. Perspex o n • . G in long and 

First cut a piece of sheet in the form _ of a recta ^gle 0 g 

3 in. wide. Bend the sheet round a cylindrical tin ofdiamit 
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i\ in. so that the shape shown in Fig. 69 (a) is obtained. Smooth 
the edges. This piece now forms the body of the box. 

Next cut two pieces of sheet 3 in. square to form the sides of the 
box. Smooth the edges. From each piece cut out small curved 



(a) 




(Ci 

Fig. 69. Stages in making a Trinket-box 

portions, as shown in Fig. 69 (6), using a fretsaw or heated knife- 
blade for the purpose. 

Another piece of sheet is needed to serve as the lid of the box. 
The lid has to fit as shown in Fig. 69 (c), across the top of the bent 
piece already made. It should therefore measure 3 in. wide and be 
long enough to project about J in. over each side of the bent piece. 
Smooth the edges of the lid and for decorative effect curve the front 
of the lid and give it a bevelled edge. 

Hinges for the lid are made from a wire paper-clip. Straighten 
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the wire, hold it in a pair of 

Insert the heated end to a depth oi - h wire to coo l 

about * in. from the back edge of the ltd. jUlow the the 

and then snip off the wire so that a ^ngth of J m proj ud 

side of the lid. Repeat the operahon on the opposhej ^ attach 

We now come to the assemb ing P ^ smearing 

the curved body of the box to one °f the stde^ D and laying this 

Perspex cement thinly along ^ UVQ portion s together for 



two or three minutes and then leave them undisturbed for a.t hour 

™ make a small hole in the attached side slightly above the 
level of the curved body and about Jm. 

Ud so that one of the hinges passes through the hole. ^ ^ ^ 

There remains on ^ fixl “^ d Ldy in the position which it 
latter over the open end of the curved y where the second 

is to occupy. With a sharp poin , . a sma u hole to receive 

hinge touches the side. At t is p a curved edge of the body 

the hinge. Smear Pespex ccmcn g f the Hd to enter the 

and attach the loose sideallowmg the " 8 tion and allow 

the C c^ment f to set. ^he toe will In 

»« h “ CngraVing 

of initials, can be added according to fancy- is required 

i„rtfe% C r:“er= in^ved^e essentially the same as 
H 
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those described in making the trinket-box. Perspex of T V in. thick¬ 
ness is used. The finished article has a very attractive appearance 
if it is made with light-green opaque material. 

Four pieces of the sheet plastic are needed, as indicated in Fig. 70. 
These consist of the following: 

1. The base. This is made from a piece of sheet 5 in. long and 
3 in. wide. The ends are curved upward, as described at p. 223, by 
bending round a dowel rod or board of suitable size, the edges of the 

board being rounded 
previously. 

2 and 3. The sides. 
These measure about 
3J in. long and | in. 
wide. The ends are filed 
into curves. 

4. The lid. This has 
the same width as the 
base and a length of 
about 3 J in. Wire hinges 
are inserted in the sides 
of the lid near one end. 

The four pieces are 
assembled in a similar 
manner to that described 
in assembling the trinket- 
box. If desired, a clip 
for the lid can be made 
from a small rectangular 
piece of Perspex. By bevelling one edge of this piece and also the 
edge of the upturned end of the base (this should be done before 
bending), the small piece can be cemented on to the lid in such a 
position that the two bevelled edges engage when the lid is closed. 

Making a Toast-rack. A toast-rack constructed from trans¬ 
parent Perspex is both serviceable and ornamental (see Plate 8). 
The uprights and the handle are made from £ in. sheet. For the 
base £ in. sheet is preferable, but the smaller thickness can be used 
if the larger is not available. 

Cut six strips of £ in. sheet, each measuring about 8 in. long and 
| in. wide. These strips form the six uprights (for the sake of 
clearness only one is shown in Fig. 71). After smoothing the edges 
shape the strips by bending them round a rectangular tin of suitable 
size. 

Make the handle from a larger and wider strip (12 in. by £ in.). 
For decorative effect rule a few lines across the strip with a sharp 
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point about two inches from each end. Smooth the edges and bend 
the strip round a tin of slightly greater width than the tin used for 
the uprights. By means of fine sandpaper, frost the two ends ot the 
handle on the outside for a length of about an inch 

For the base use a rectangular piece about 9 in. long and 3, ■ 

wide. Cut off the corners at an angle of 45 0 about one inch ro 
each end. After smoothing the sides bevel the upper edges o 


.. 

Fig. 72. A Simple Plunger 
and Mould 


j P v. A ? T 61 
PARiS 


ba The finished article will have a better appearance if the ends of 
the handle are sunk into the sides of the base. To permit this, file 

out portions of sufficient width 

and depth in opposite sides of f \ 

the base. ( j 

To attach the uprights to the I ) 

base, first insert wire rivets into \ / 

their low'cr sides, near the ends, \ j 

and make small holes in the c - i 

base at the appropriate places S/ 

(measure these out). Likewise S ^ piaster 

insert rivets near the ends of PARl5 

the handle on the inner sides - 

and make holes in the sides of r .——-—-J 

the base. Then cement the Fig. ?2 . a Simple Plunger 

uprights and handle to the AND M° ULI) 

‘^Making Moulded Articles. Most of .he pl-tic arUclcs en- 

countered in everyday life are moulded or pressed " * a P ' 
has been mentioned previously (p. that m mouldmg a doubc 

tool is required—namely, a cavity mould of the ^ 

a plunger of the same shape but slightly sma cr. • 

it has been softened by heat, is pressed between the 
following instructions for making simple mouldings 

out easily at home with iV in. Perspex. suitable 

(i) An ordinary wooden stocking-mender rnak« a stable 

plunger (Fig. 72). Use this in . con J“ n ^” ™_ tin> Thc tin should 
made from plaster of Paris in a circular « . 1 . 

have a somewhat larger diameter than the stoc ing r iod of 

Mix the plaster of Paris with cold tea to Pt-otongtlupc d , 
setting (seep. 66). Fill the tin about three-quarters full wHh.t ^ 
thick paste and press thc stocking-mender in o cavity with 

depth. After removing the stocking-mender smoo When thc 

a finger, and put the tin on one side for twenty-four ^ a ™ancr o 
plaster has set rub the inside of the mould well with sandpapt 

enlarge it and to smooth the sides. 



[\ 




PIASTER 
OF PARIS 


ngp 
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The plastic sheet to be moulded should be slightly larger than the 
mould. When the sheet has been softened in the oven lay it over 
the mould, and press it into the cavity with the stocking-mender. 
Allow about a minute for cooling and then lift out the plunger. A 
small saucer-shaped moulding will have been formed. 

Cut away the waste material, or flash, from your moulding by 
means of a fretsaw or heated penknife-blade, allowing a margin for 
subsequent filing and smoothing of the edge. It is a simple matter 
to cement three legs to the lower side of the moulding so that a 
small tripod is formed. Make the legs from thin strips of Perspex 
and bend them to the required shape. You will now have a dainty 

ornament, which can be used 

as a pin-tray. 

(ii) If you possess a fretsaw, 
a mould and plunger are easily 
cut out of wood, and a great 
variety of shapes can be ob¬ 
tained. The portion of wood 
removed forms the plunger. 
A screw should be inserted 
into the latter, so that it can 
be handled readily. Sufficient 
clearance between the plunger 
and mould must be allowed 
for the introduction of the 
plastic sheet. 

(iii) You will probably find at home several objects which can be 
used as cavity moulds. Shallow boxes, bowls, saucers, and trays 
arc suitable for the purpose. In each case, however, it will be 
necessary to make a plunger. 'Phis can be done by filling the 
object which is being used as a mould with a thick paste ol 
plaster of Paris (first greasing the mould to prevent the plaster 
from sticking). A elothes-peg inserted into the paste serves as a 

handle (Fig. 73). . , . . . 

The transparent dish illustrated in Plate 8 was moulded by the 

method described, a fruit-dish being employed as the mould (Fig. 73). 
'fhe edge of the moulding was afterwards corrugated by dipping 
portions of it into boiling water and pressing the softened material 
on the side of a small tin. 

Cellulose Acetate 

This material—commonly called ‘non-flam’ celluloid—is not 
available in suitable sheet form at present, but in normal times it 
can be bought from firms which specialize in school handicraft 


Fig. 73. Alternative Kind of 
Plunger and Mould 
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supplies. A brief description of the plastic is included here in the 
hope that it will be on sale again in the near future. 

Cellulose acetate is made by treating cellulose in the form of 
cotton with a mixture of glacial acetic acid, acetic anhydride, and 
concentrated sulphuric acid. The resulting cellulose ester can be 
converted either into fibres for use as artificial silk (e.g. y Celanese > 

or into sheets for use as a plastic. . 

In many ways cellulose acetate sheet is similar to Perspex. It is 
easier to handle than the latter but does not possess the same optical 
qualities. Thus articles made from it have not the brilliant appear¬ 
ance associated with Perspex. 

Sheets of cellulose acetate up to a thickness of \ in. can be readily 
cut by scissors or shears. For greater thicknesses a finc-toothe saw 
can be used. The material is thermoplastic but softens at a lower 
temperature than Perspex. Immersion in boiling water is su c, ent 
heat treatment for softening. When softened in this way the s ieet 
sometimes acquires a blue bloom on the surface. Phis can e 

prevented by adding salt to the water. 

The operations of bending, moulding, smoothing edges, and 
drilling holes arc carried out as described previously for 1 erspex. 
The surface can be polished with metal polish, but an alternative 
method is to use a cloth damped with acetone. Cellulose act tate is 
soluble in acetone. This liquid is also employed for cementing 
together two pieces of the sheet. Care must be used in handling 

acetone on account of its high inflammability. . 

Any of the articles described at pp. 222-228 can be made with 
cellulose acetate sheet instead of Perspex. It should be 11 mem >oc , 
however, that the former softens readily with even moderate wat 
and loses its shape. This material, therefore, is not suitable lor 
making articles, like toast-racks, which will be exposed to teat. 


Casein Plastic 

The preparation of casein-formaldehyde plastic at home has l>e< n 
described in Chapter XI (p. 208). This material is sold in sheet 
form under various trade names, two of the best-known )eing 
Lactoid and Erinoid. Unlike Perspex and cellulose acetate, it is 
not transparent. It can be obtained in various colours, an t ic 
nsual thicknesses supplied arc 3 and 4 millimetres. In the or in 
rod it is commonly used for knitting-needles 
about four shillings a pound. 

The plastic sheets arc easy to manipulate. . 

sawn, bent, moulded, and drilled. Softening occurs wit 1 immersion 
in hot water just below boiling-point for two or three nunu es. 
Polishing can be done by means of metal polish. Pieces um joinec 


Oflcut sheets cost 
They can readily be 
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together, after first roughening the surfaces, with a hot or cold water 
glue. Casco cold water glue is suitable for the purpose. 

As in the case of cellulose acetate, the worker should bear in mind 
that articles made from casein plastic will lose their shape if they are 
put into hot water. 

Addresses for the Purchase of Plastic Material 

Perspex and other plastic materials and accessories, including 
adhesives, polishes, etc., can be obtained by post from: 

(i) Plastics (Manchester), Ltd, 11 Whitworth Street, Manches¬ 
ter, i; 

(ii) E. J. Arnold and Son, Ltd, Butterley Street, Hunslet Lane, 
Leeds, io. Price-lists are furnished on request. 



Approximate Prices of Chemicals 

The prices of chemicals are liable to vary from place to place and 
from time to time. The list on this page is intended merely to serve 
as a guide to the reader in making his purchases. Small amounts of 
chemicals are relatively more expensive than larger amounts. 


Alum (chrome) 

Alum (iron) . 

Alum (potash) 

Aluminium sulphate 
Ammonia solution . 
Ammonium carbonate 
Ammonium chloride 
Ammonium dichromate 
Ammonium sulphate 
Amyl acetate 
Bleaching powder . 
Boracic acid . 

Borax . 

Calcium carbonate (chalk) 
Calcium hydroxide 
Calcium sulphate 
(plaster of Paris) 
Camphor 
Carbon (powder) 

Cetyl alcohol . 

Charcoal (lump) 

Citric acid 
Cobalt chloride 
Congo red . . 9 d 

Copper oxide 
Copper sulphate 
1'crrous ammonium sul 
phate 


2 d. oz. 
3d. oz. 
2 d. oz. 
3 d. oz. 
id. oz. 
3d. oz. 
id. OZ. 
3d. oz. 
id. oz. 
4 d. oz. 
bd. lb. 

id. oz. 
id. oz. 
1 \d. oz. 
id. oz. 
5 d. lb. 

is. 6 d. oz. 
id. oz. 
Hd. oz. 

is. lb. 
4 d. oz. 
9 d. oz. 
for 5 gm. 
3d. oz. 
id. oz. 

i\d. oz. 


Ferrous sulphate 
Ferrous sulphide 
Formaldehyde (formalin) 
Hydrogen peroxide 
Iodine (tincture) 

Iron filings 
Magnesium sulphate 
Naphthalene . 

Nitric acid (dilute) 

Red lead 

Sodium bicarbonate 
Sodium bisulphate . 
Sodium carbonate . 
Sodium hydroxide . 
Sodium silicate 
Sodium sulphate 
Sodium thiosulphate 
Starch . 

Stearic acid 
Sulphuric acid (dilute; 
Tannic acid . 

Tartaric acid 

Triethanolamine 

Urea 

Zinc (powder) 

Zinc sulphate 


id. oz. 
id. oz. 
id. oz. 
id. oz. 
1 s. 6 d. oz. 
id. oz. 
id. oz. 
bd. lb. 
id. oz. 
id. oz. 
id. oz. 
id. oz. 
1 U. lb. 
id. oz. 

ad. lb. 

id. 07 .. 

3d. oz. 
id. oz. 
3d. oz. 
id. oz. 
is. bd. oz. 
3d. oz. 
ad. oz. 
5 d. oz . 
id. oz. 
id. oz. 


Chemicals and apparatus can be bought by post from: Messrs 
Oakes, Eddon and Co., Ltd, 99 Prescot Street, Liverpool, 6. Prices 
will be furnished on application. 







Chemical Symbols of the Chief Elements 


Aluminium 

• 

• 

. A 1 

Argon 

• 

• 

. A 

Arsenic 

• 

• 

. As 

Barium 

• 

• 

. Ba 

Bismuth . 

• 

0 

. Bi 

Boron 

• 

• 

. B 

Bromine . 

• 

• 

. Br 

Calcium . 

• 

• 

Ca 

Carbon 

# 

• 

. c 

Chlorine . 

• 

• 

. Cl 

Chromium 

• 

• 

• Cr 

Cobalt 

• 

• 

. Co 

Copper 

• 

• 

. Cu 

Gold 

• 

• 

. Au 

Helium 

• 

• 

. He 

Hydrogen 

• 

• 

. H 

Iodine 

• 

• 

. I 

I ron 

• 

• 

. Fe 


Lead 

• 

. Pb 

Magnesium 

• 

. Mg 

Manganese 

• 

Mn 

X T 

Mercury . 

• 

• Hg 

Neon 

• 

. Ne 

Nickel 

• 

. Ni 

Nitrogen . 

• 

. N 

Oxygen 

• 

. O 

Phosphorus 

• 

P 

Platinum . 

• 

. Pt 

Potassium 

• 

K. 

Silicon 

• 

. Si 

Silver 

• 

. Ag 

Sodium 

• 

. Na 

Strontium 

• 

• Sr 

Sulphur . 

• 

. s 

Tin . 

• 

. Sn 

Zinc 

* • 

. Zn 
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Accumulator, making a simple, 202 
Acetic acid, 114; obtained from 
vinegar, 127 
Acetone, 206, 2x8 
Acids, mineral and organic, 85 
Adsorption, 153 
Air, gases in, 49 
Alcohol, 1x2 
Alkalis, 40 

Alum —see Potash alum 

Alum, ammonia, 6x ; chrome, 69, 161 , 
iron, 81, x6x ; potash, 54 “ 5 6 
Aluminium, 56; test tor, 57 
Aluminium hydroxide, 55 
-Aluminium oxide, x 53 
Aluminium sulphate, 56 
Ammonia alum, 61 
Ammonia gas, 50, 6x ; obtained from 
soot, 148; preparation and proper¬ 
ties of, x 78-180 
Ammonia solution, 16, 57 
Ammonium carbonate, 58 
Ammonium chloride, 58-60, 91, *46, 

*77 

Ammonium dichromatc, 19° 
Ammonium hydroxide, 57 
Ammonium sulphate, 57, 60 
Ampere’s Rule, X95 
Amyl acetate, 206 
Anhydrous salts, 65 
Anode, X99 

Apparatus, chemical, 17-22 
Artificial silk, 144, 207 
Aspirin, test on, 8x 

Baekeland, L. H., 2 1 1 
Bakelitc, 21 x-213 
Baking-powder, 87 

Baking-soda —see Sodium bicarbonate 
Bath salts, 90 
Beetle, 213 

Beetroot, indicator from, 41 
Bicarbonate of soda —see Sodium bi¬ 
carbonate 

Blackboard clialk, 65 
Blanco, 43 

Bleaching, by chlorine, X77; by 
hydrogen peroxide, 77 i b Y sulphur 
dioxide, 175 


Bleaching fluid, 9-*; preparation of, 199 

Bleaching powder, 61, 178 

Blowpipe, home-made, 121; experi¬ 
ments with. 122-125 

Blue-bag, 149 , , 

Blue vitriol —see Copper sulphate 

Blushing doll, 189 

Boracic (boric) acid. 16, 62, 12 b; 

crystallization of, 38 
Borax, 63, 105, 1x2, 135; bcad tcsts ’ 
120 

Brass, 70 

Bronze, 7 ° . •. 

Bunsen burner, 18; experiments with. 

52 

Burner, home-made, 18 

Cabinet, home-made chemistry, 22-24 
Calcium bicarbonate, 1 29 
Calcium carbonate, 43. 63. 1 53 
Calcium citrate, 104 
Calcium hydroxide, 82 
Calcium oxide, 82 
Calcium silicate, 124 
Calcium stearate, 1 10, 129 
Calcium sulphate, 65-67 
Camphor, experiments with, > 5 °; ,n 
celluloid, 205 
Candle, burning ot, 49 
Carbohydrates, 104 

Carbon, 67 , . , 

Carbon dioxide, 43 , 55 , obtained 

from flowers and leaves, 445 prepar¬ 
ation and properties of, 172-174'- 
test for, 43 

I Carbon tetrachloride, 151 
Carbonic acid, 174 
1 Casein, 106; plastic, 208-211, 229 

Catalysts, 62, 77 

Cathode, 199 . . 

Caustic soda —see Sodium hydroxide 

Cclanese, tests on, 144 
Cellophane, 207 
Cells, electric, 1 93 -' 9 <> , 

Celluloid, 205-207; ‘non-flam, 22U 

Cellulose, 205 
Cellulose acetate, 228 
Cellulose nitrate, 205 
Cetyl alcohol, 135 


2 33 
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Chalk —see Calcium carbonate 
Charcoal, sugar, 48, 112; wood, 67, 

*47 

Chemical apparatus, 17-22 
Chemical garden, 96 
Chemical magic, 181 
Chemical snowstorm, 19! 

Chemicals, storage of, 15 
Chemistry cabinet, home-made, 22-24 
Chloride of lime, 61, 178 
Chlorine, 61, 91, 93; preparation and 
properties of, 177 
Chloros, 92 

Chromatography, 152-154 
Chrome alum, 69, 161 
Citric acid, 16, 42, 103 
Cobalt chloride, 16, 39, 46, 69, 85, 
106 

Cochineal, dyeing with, 141 
Common salt —see Sodium chloride 
Conductivity of solutions, 196 
Congo red, 40, 142, 187 
Copper, 70; iron-plating of, 202 
Copper ammonium sulphate, 61; crys¬ 
tallization of, 164 
Copper carbonate, 73 
Copper hydroxide, 73 
Copper nitrate, 86 
Copper oxide, 68, 71, 73 
Copper sulphate, 16, 72-74, 125; 

action with ammonia, 46, 74; 

anhydrous, 72; crystallization of, 38, 
163; electrolysis of, 201; obtained 
from copper oxide, 72 
Copper sulphide, 71, 98, 175 
Corks, fitting and boring, 29 
Cotton, dyeing of, 139; tests on, 144 
Cream of tartar, 113 
Crystallization, 38, 55, Go; fractional, 
125; water of, 65, 72, 84, 89 
Crystals, exhibition of, 192; growing 
of, 155“ 16 5; Preserving of, 165; 
structure of, 166-168 
Cuprammonium silk, 207 
Cuprainmonium sulphate, 74 
Cupric oxide, 71 
Cuprous oxide, 73, 105 
Current-detector, 195 

Decomposition, 48 
Dcflagrating-spoon, home-made, 1 70 
Deliquescent substances, 69, 88 
Dextrin, 11 1 


Diakon, 219 

Distillation, 126; destructive, of wood, 
147; fractional, 127 
Distilled water, 126 
Double decomposition, 45 
j Dropping-tube, home-made, 36 
Dry-cell, 59, 196 
Dust, in tap-water, 133 
Dyeing, experiments on, 139“ I 43 

Easter-eggs, dyeing of, 43 
Efflorescence, 89 
Electric cells, 193-196 
Electric writing, 200 
Electrolysis, 196-201; of copper sul¬ 
phate, 201; of ferrous sulphate, 202; 
of sodium chloride, 199; of water, 

! *99 

Electrolytes, 197 
| Electroplating, 201 
Elements, 56, 232 
Emulsifying agents, 134 
Emulsions, 134-136 

Epsom salts —see Magnesium sulphate 
Erinoid, 229 

Fats, 109 

Fermentation, of sugar, 112 
Ferric chloride, 74 
Ferric hydroxide, 81 
Ferric oxide, 81 
Ferric sulphate, 74, 75, 81 
Ferric tannatc, 76 

Ferrous ammonium sulphate, 60; 

crystallization of, 164 
Ferrous hydroxide, 75 
Ferrous sulphate, 16, 74-76, 81; 

crystallization of, 39, 163; electro¬ 
lysis of, 202; obtained from iron 
i filings, 79 

Ferrous sulphide, 174 
Filtrate, 27 

! Finger-prints, obtained with iodine, 78 
Fire-extinguisher, foam, 56, 136 
Fireproofing, 49 

Flame-tests, 47, 63, 71; wire for, 119 
Flames, coloured, 47 
Flash-paper, 191 
Fluorescence, 137-139 
Formaldehyde, 209 
Fountain experiment, 143, 180 
Fractional crystallization, 123 
Fractional distillation, 127 
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Galvanized iron, 99 
Gases, preparation ot, 49, 50, 169 
Glass, preparation of, 124 
Glass-working, 3*^37 
Glauber’s salt —see Sodium sulphate 
Glucose, 73, 104; obtained from 

starch, 111; obtained from sugar, 

112 

Glycerine (glycerol), 105 
Grape-sugar —see Glucose 
Green vitriol —see Ferrous sulphate 
Gypsum, 65 

Hair-creams, recipes for, 135 
Hard water, 128-131 
Health salts, home-made, 42 
Horse-chestnuts, saponin obtained 
from, 136 
Hydrocarbons, 107 
Hydrochloric acid gas, 91, 176 
Hydrogen, 50, 54, 56, 59, 103 
Hydrogen chloride, 91 ; preparation 
and properties of, 1 76 
Hydrogen peroxide, 16, 76-78 
Hydrogen sulphide, 49, 97 ' prepara¬ 
tion and properties of, 1 74 
Hydrosulphuric acid, 175 
Hydroxides, 57, 95 
4 Hypo *—see Sodium thiosulphate 

Ignition-tubes, making of, 34 
Indicator, chemical weather, 70 
Indicators, 40; home-made, 41* *45 
Ink, bleaching of, 51, 93 \ dyeing 
with, 140, 141; home-made, 76 
Ink-drops, experiments with, 154 
Ink-cradicator, home-made, 51 
Ink-stains, removal of, 152 
Inks, invisible, 39, 74, 79, 9 °, 182 
Iodine, 16, 41, 78; action with starch, 
42 

Iron, 16, 79; burning of, 47; copper- 
plating of, 41; rusting of, 51; 
writing on, 79 
Iron alum, 81, 161 
Iron mould, 81; removal of, 152 
Iron oxide, 51, 76 

Jet, making a, 36 
Jeweller’s rouge, 76 

Lactic Acid, 106, 107 
Lactoid, 229 


1 Lead, bead, 123; copper-plating of, 
201 ; red, 60 , 119, 123 
Lead dioxide, 203 

Lemons, citric acid obtained from, 103 
1 Lime, 82-84 

Lime-water, 16, 42, 43. 129; prepara¬ 
tion of, 83 
Limelight, 82, 123 
Limestone, 63 
| Litmus, 13, 40 

Logwood, 40; dyeing with, 142 
Lucite, 218 

Magnesium, test for, 85 
Magnesium carbonate, 84 
Magnesium hydroxide, 84 
Magnesium sulphate, 84 
Manganese dioxide, 59, 85 
Marble, 63 

Match tests for metals, 1 19 
Metals, extraction of, 68, 123 
Methyl methacrylate, 218 
Milk, 88, 106, 208 
Milton, 92 
Mordant. 139 
Mortar, 84 

Mortar and pestle, home-made, no- 
I l8 

Moth-balls, 107, 108 

Nail-varnish, home-made, 206 
Naphthalene, 107 
‘Needle habit,’ of crystals, 156 
Neutralization, 13, 41. 57 . ^ 7 > 93 

Nitric acid, 85 
Nitrogen, in ;ur, 49 
Non-clcctrolytcs, 197 
Nylon, tests on, 1.44 

Oak-calls, tannic acid obtained from. 

76. ** 3 

Oil of vitriol, 75, 9 a 
Oils, vegetable, 109 
Oleic acid, 109 
Organic chemistry> * 

Overgrowth, crystal, 162 
Oxygen, in air, 49 . 5 °; obtained from 
bleaching lluid, 50, 93, 1 7 1 • 
tained from bleaching powder, <>2; 
obtained from hydrogen peroxide. 
50, 1 71; preparation and properties 

of, 170-172 
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Palmitic Acid. log 
Parkes, Alexander, 205 
Permanent hardness in water, 129 
Perspex, 21&-228 
‘Pharaoh’s serpents,’ 191 
Phcnolphthalcin, 16, 40, 105, no, 112 
Plaster of Paris, 65, 115. 227 
Plastic, sheet, 218 
Plastics, 204 
Polarization, 194 
Pole-finding paper, 201 
Potash, obtained from cigarette-ash, 

5i 

Potash alum, 16, 39, 54-5°, 12 5 i 

crystallization of, 38. 55, 157-161 
Potato experiment, 44 
Precipitates, 45 
Proteins, test for, 145 

Quicklime, obtained from chalk, 122; 
obtained from marble, 82 

\ 

Rack, home-made test-tube, 19 
Rayon, 207 

Red lead, 68, 119, 123 j 

Reducing agent, 68 
Rouge, jeweller’s, 76 
Rusting of iron, 51 

Safety-glass, 215 

Sal-ammoniac —see Ammonium chlor¬ 
ide 

Salt, common, 91; Glauber’s, 96; 

electrolysis of common, 199 
Salts, 58; bath, 90; double, 60; 

Epsom, 84; health, 42 
Sand, purification of, 60 
Saponin, obtained from horse-chest¬ 
nuts, 136 

Saturated solution, i f,8 
Silica, 96 
Silicic acid, 96 
Silk, artificial, 144, 207 
Silk, tests on, 144 
Slaked lime —see Lime 
Smelling-salts, 58 
Smoke, experiments with, 132 
Soap, preparation of, 109; and hard 
water, 129 

Soda, caustic —see Sodium hydroxide 
Sodium, test for, 91 
Sodium bicarbonate, 42, 86-8C, 136 
Sodium bisulphate, 16, 88 


Sodium carbonate, 43, 89-91, 95 
Sodium chloride, 91; electrolysis of, 

j 199 

Sodium citrate, 103 
Sodium hydroxide, 73, 93 “ 95 » ,0 9 > 
200, 201, 208 

Sodium hypochlorite, 92; preparation 
' of, 199 
Sodium nitrate, 86 
Sodium silicate, 95, 124 
Sodium stearate, 109, 129 
Sodium sulphate, 96 
Sodium thiosulphate, 41, 46, 97, i ?5 
Soft water, 128 
Softening of hard water, 130 
Solution, making a, 26, 158; super¬ 
saturated, 97, 98 
Stains, removal of, 150-152 
Stand and ‘clamp,’ home-made, 115 
Starch, 16, no; action with iodine, 42 
Stearic acid, 109, 135 
Steel, heat treatment of, 80 
Steel-wool, burning of, 47, 172 
Stomach powder, 87 
Stoppers, tight, 30 
Sublimate, 59 

Sugar, 39 . 53 , *06, 11 1 -> ! 3 J charcoal, 
48; luminous, 146; action with 
baking-soda, 48 

Sulphur dioxide, 97; preparation and 
properties of, 173 

Sulphuretted hydrogen —see Hydrogen 
sulphide 

Sulphuric acid, 16, 98; obtained from 
green vitriol, 75 
Supersaturated solution, 97, 98 
Suspensions, 131-* 34 
Syringe, home-made, 36 

1 Tannic Acid, 76, 82, 113, 140 
Tartaric acid, 42, 113 
Tea, tannic acid in, 82, 113 
Temporary hardness in water, 129 
Test-tube rack, home-made, 19 
Textiles, tests on, 144 
Thawpit, 151 

Thermoplastic materials, 204 
Thermosetting materials, 204 
Tofice crunch, home-made, 149 
Tooth-powder, home-made, 149 
i Triethanolamine, 135 
Tripod, home-made, 118 
Tswett, M., 152 
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Ultramarine, 149 
Urea plastic, 213-21 7 

Verdigris, 114 

Vinegar, 114; fractional distillation of, 

127 

Viscose, 207; tests on, 144 
Vitriol, blue, 72; green, 74; oil of, 75, 
98; white, 100 

Washing-powders, 43, 89 
Washing-soda —see Sodium carbonate 
Water, distilled, 126; electrolysis of, 
199; freezing by chemicals, 140; 
hard, 128-131; of crystallization, j 
65, 72, 84, 89; tests for, 46 


Water-glass, 95 

Weather indicator, chemical, 70 
White vitriol, 100 

W’ood, destructive distillation ot, 147 
Wool, tests on, 144 

Writing, electric, 200; invisible, 39 . 74 . 
79 . 9 °. 182 

Xanthoproteic acid test, M 3 

Yeast, fermentation of sugar by, 1 12 

Zinc, 99; test for, 101 
Zinc carbonate, 90, 101 
Zinc oxide, 100 
Zinc sulphate, 100 




